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1M t.r.lc .. tl .. Cr .. t W.UI of • .,u .. rica c. .. rd. _I, JOt .t tbol 
_rU ' , Lab aM rl • .r _tan aao!. coault\lta 00. of et.. _tW'. lat ... t 
fr .. b. •• tor r.Hr.ltC.H . l.ar,a COQuDuatlou of peo,l ..... 1 .... try ...... f9 .... 

tlt. ••• 101 ... d ••••. Mon thall G .... eMf. of c.1t.tII, ' , po,lIbtln ..... __ .t.bt" 
of the VaitM Sur .. ' popubtl_ 11 ... tritlda tIM 'rut ~ "da. n.­
n,loD ac.co ... u for o..-fifth of tIM uoa.,.l 0.', ClIP ... __ 11 of tIM &a..1M! 
C.o.adl.a GMt. "ul), ,11 b,...u letbith, b . tbe r"!" ...... _lat'" ritb 
the. lab • • Tho,. acUYlt1 •• hel...! ...... for ... Sc1pel, .. rtnltvral. aM 
lDduatrlal •• tar ."",11 .. ; rlcr •• cIOD; alii ... !lahl .. ; ~ traA8pottatloa. 
n.. Cnat Ll.b. ,bo No •• MItII ........ __ deat .bpotal dr. for the .,.t .. of th. h1,1I1, i_",nthl .oche), do ... tM ,lIardi •• 

n., uuh" ual of th" Crut l.ab, .1 • "Ipoul Iltl tor lootb tode ,Dd 
ollcrhll.c ""UI haa .IJ.lobhed tbe rUOlifU .&1 .... f tM lak.N. ,.rUeullrl,. 
the huhO/nat fllb..,! .. ($aUh 1961, 1912). b. r"poll" to tM •• totlor.U ... 
... nr q\!.aUt, 1a tIM 4:r ... t l,all. .... _, thliuol Stat ... ad CaaaoIlaa .... llI;.la. lav .. 
"'.0 vr .... tUq rith th. proUn of lau rutor.elOOI (latU'u.Uo-t Jol.t 
C_la.ioo. 1977). IIhU ... t.dUe .. t .tr14 ... b,a ............. 111 .. n..,d ... 
• et.rlor.tloa oa • lag_U. bad •• It .... "'n '"'eoalll .... , ... , e_r.llt 
,..Uc1 .. v111 ClOt Uul, ,1'0'1'1'" .. U.faetor, 1I,r ... _.t h ... , .... _.r.bon 
fa.lou (Thoa .. !.!.!!. UfO) . tb ...... n ••• vblch .n 1t.t,IIl, tapaet •• '" 
poU\lUOil .u uiidll, pucdud '" -..D, peo,l., t.qd,. ... 1tlO6&! .tt.IIU_. 
SubuqIMat to o.lltl", _,nant poUd ... vblcll at. onaat .. t_rol ".U."I ... 
__ qroWld eouitlou. lIII!V pollet ... uat alloin .. tb ... 10uU .......... . 

eo.duoe of ellla nqutn . .. at pad b..eII 011 tbe ,.._1 .. tbat aor ••• talhol 
11Ifo f'll.Uoli 11 oeed" to .u,port th ..... eoo4-orolar ",UeiN. tM 4:r .... t LalLa. 
lad .. o ..... aul .......... ell Lallonto r, la 0I .. 1.1l1", looc-t.nI ...... tch '1'0,,,_. to 
focu 00 th ..... , .. obl_. Prior to ..... 1'. of tll.t r .... rdl .1eo. tboa .t.t. of 
ooar .... d.r.huh. of tbe "1oto,le&1. e .... leal ....... ,deal .r"" ...... tllat 
lot.r.ct vith eoot_lutl .... ub.t.ae •• aut M 4oc: .... ot ... 

Th. pur,.. .. 01 th.la upoft t. to .,oIru. the .ue • • f WI' OIO<I .... uo,l1", 01 
oal! A.peet of 4:r .. t Lall.u .co.,atn furactloa, the C7eU", of pboapboru.. 
rr .... 10u. r .... r cb Iaaa 1oI"otll1.." pboapborua, 10 .. rtlclll.ar. U 0_ of ttl. kII, 
d •• ou 10 caudIll v.ur , .... 11t, •• ,raol.Uoo u./ o ...... ttopbJ.c.atIOli la lalLaa 
( DUloa azwl li.bl" 1974, khil!4l.r 197.) . n.. I.,IOO&1. for foartHr udr .... l'" 
pbo.'hor ........ ,o11 ... tllll ."",.t&AC. orlal ... t .. I .... _phaall __ ra .patl.U, 
loe.lb.d probl ...... dlle ..... ad .bo... lIbar ... ,.. .. 1_ ual, •••• t 1.1La-.r:101 • 
• "ar ... aad .ooual Kal .. tout. 1 ...... ,. •• uU'" UPIC" of h.taraa1 rK,el1l11. 
p ....... t ... 1,. ... of .0 ... loe.U ... probln. 00 .hortar tiM KAla .... ,\dr. 
lapro".d 100onl.tl .... 0" tho .. e 7cU1II •• chad_ . TId. upon fa,r ••• at. t .... 
l1l1tlal . tap 10 aoIdr ... h, tb. u • • areh prob1n 00 tba .. Kat... tb. 
loIol'll.t10 .. prauatd baloll ta • r •• I.v of tIM ."t_l-twan III pbo.pho .. u. 
e ,., 11111 h I ra.hAt .ra. 

Th. eyeUIII 01 pbo.pho ...... , al thouch of loterllt u.l t laatd, to r.,d.tor,. 
.,.Q.C I •• , I. b .. lcdl,. .... c oloale al probl_ .ud baa ba ... ad ........ herdo 
thro""h aa . COI"t •• ppro. c h. Thta .ppI ... d, u co, .. h .. eut ...... tl.1 
o ... t .. ta"" .If.c t .U c_poo. au of .eM .quatic food .. b both lodhldu.U, .Dd 
10 • c_ pode. (uhioll . Tb .. eh.apun balow addu ... It.b ........ t of til. • 
.. co.,.tn , " , Iolli", with cb_le .1 .,.c l .. , .DC! (ucHou of ,ho.phor u •• ad 
.... 1'" thIO"lb Hcn rl., ' h'to'1 .... lI.to ... t oo,1..,lI.too ( berb"or ... od 
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ural_ ... I). 'htl, •• uo~1t ..... "".t.... "cltr. t.,ur 1 ... , .... .4 t ... 
c_,r.~d ... ~ .. t DOt .. ballnt ••• lacll cha,tlt 11 .\1011,1'1,191 ..... po .. nll t 

ale ..... _, an •• of pbolphDnaa (.,cU ... an i .. ..tUeh.tl' "'ltatoof for 
_tied" ..... lItUlutlOll. n. __ t of tho.pIIo!'"" -., ", ••• lutel, pia,dul 
..... U. aDe ... ." . ........ ed 111 eM. upoft. bll' 11 couUar" ,b,"""'" 
( Uck Itl9 ) . 

10 eM flu1 chaput' • • fru •• rk for IIQ ..... u ... lq tbe. e._poilu __ oot 
of ,bol,lior ... th1"o",." ebe 1...k.t. aeo.yet_ 11 , ..... aced • . Thil cheptlr "-1_ 
villi. • "'''hw of cunal phD.pIIot ... .odde , .-.I u .... ",..,dop •• coec'p,_1 
.ocIel of phOl'bor .... c10:.11 ......... oa •• ~th .. h of .... dbble l'foraaUoe oIu_ 
,..1 •• r11, fI'_ tb, other Cha,tl"" 1'b.. ntl.aale f o r tbh ,od,l it to ,hel 
tM lapol't .... ,. o f lach <: _POlllot of tbe food ".1> lIIto paupec tha 11 taralO of 
.".rall pboapborwo e,.:.U ... . .....t to _pbalha t ho .. ar ... VIla ... It ... lo:: 
!dOno.tiOD 1, lacUq • 

.. f o n lbe nailer t.elll11 eb.h r.pon. th_ ht"" h . ,npar1oa ebb 
'OC""lIt .boul . \Ie u e.U..s . .. .... UOII" .bo .... tbi. upon if ll1uQoII .. to be 
eOllpub.lI.l .... but DOt u!Mutti'll.j it 111 hUH" to ... h e t ... l .ad 
tllfllr-dh •• but DOt 'pllCuhU"'j .114 It 11 lllull4 •• til .,ftI'" ••• bull fo t , 
M,b " ... U,), r .... r e b pro,r .. a,10r1q u4 that1f), llll tb .... jOt patbw)', .... 
eOlltrol. o f pbo.pbor", C!)'e11ac 111 t~ 1I •• r,bot" r"loRl of tbe Cr •• t tak., • 
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ClAPttl I 

Kl.ASUUlUIflS Of PBOSPIWI-PBOSPBCaOS 

til L.UZ Vll"U. 

<or.at ~k.e. ~.,1to".Otal .... ncb t.bontory 

btio .. al Ouule ,04 At:lM>lpbule lUlahtratlOli 

""0 Arbor. M1 eb.ilu 
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.. 
llmDOOCt.OI 

..... , ... 011 •• tboll. for .... 111'1111 pbo.pIuot ... 'bo.pltot .... (to.-I') 10 utural 
..uu ... ., ..... 0 pUlpU" "1 Ia~"" lDot luU .. 1l (ltll), Ulerl, PI IIIrh 
(In)). Cb .. buh1o 1M Sh,lro (1"]), .ad l1,h, (Un). n. """po'. of thb 
ehapur h to nvl,,, lotonoltlo" 011 e_leal .&rho,S. for .... "1'1111 po'.', to 
d •• tribe I .. ron or lDColl.dttla.;.lu th.lt CaD "" '''''CO_tlrN 111 ,.tfor.t ... 
aIlu.y •••• ,ad to __ &flu the ~potU.IIC' of ll1tnl.1'11II;.1 t&ad 117 tb.e 
11,41'01,.11 of Of,IDJe co.po~. or 'II, 1'.1 .... of 10.·' fr~ partltl •• '111'1111 
o:.oll .... lltlonal R17tH1", ... Ill .. u.l,dl . Th. rabrlnaM, Nt_alii "loa ... ,. 
.,thod_ for ....... 1'1 .. ·"1010&Icl11, 1 ... 111.111, P' aa4 ... lytlcll P04-' 
...... " r •• !!t. 11 dMl ,,,,,...rind. 

The Milt •• thod for .'ll.oltl ... PO,-, cODe.otr,tl ... 10 .0111(1011 ~. 
htrodue ed '" O. oad 0"7) aIM! I"Ud t o lut,,,. of Lake ..... tn _.,lu '" 
DotDJ,i. (1920) and .t.tUu (923). Ttl. bade ru<:tloD 11I'f011o .. cOOIplulq to4-' 
vlth lol,tHI.tl uadlr .cld coudltloQl to fora pbol,~ol,.balc .cld (. ,.Illow 
hlt.fOpol,. .el') . Which II .~b,.q~Dt1,. "dueld .,. .t.Dao ... cblDrld. to for. , 
bl~1 co.,l4&. Thl •• thod v., !.,ro •• d by "~I" (1941) \,. a4j~'tlQ& for .a 
D,U ... utl0 of .d' IIOra&1lt,. to aol,w.u cODuatr.tlDD h order to for. • 
It.\l. color .nd to 'ItiCt .0,-•• t COllC'Dtrltiona ."roICh1DI 1.0 WI ' / L. 
SiDeI that t~l. tbe .. tbod hal bala cootlauou.l,. .odlflld . 0111a (1961). for ",.,1., UIU "".r 100 'I'athau of tbe .'tbod tha.~ luol.1 altar.tio .... 10 .dd 
IIOra&11t". Do1"W.u cooelotnrloo, color .... l o,. ... t tlsl, alId procadur .. to 
Ilisla1tl loelrllrlllcl. or to rad~cI h,.dro1,.tlc pOtlOtll11. 

With ,nduel lsptn_lllu 10 'Wrtlcal u ellal,1M1 .CId "d,.lat llI.d .D 
""""ltauo.::liQ& of thl pho.'hor .... frlctlonl b au v.tar, lhl Ur-IDOloU 
... od.tad vith pbol,hor .... ul,..h 1111 ,..,oh .. o"lr tisl (I .. Ola .... 1961) . 
Strlckl.od .04 •• flon. (196S) IlvI thl fo110 ... 11:11 aeh_1 for the dlff.rlDt 
frac Uo"l of • h aat~ra1 .... ten (fl·. li,lat U13): 

Solu\ll rl.ctl.1 ,holPbo~ (SlP) r.f.t. t o tbe .&lua obt.1Dl4 vhlo 
... br'II.-fl1tl'ld vat.t II .... l,. •• d \,. ~ of the •• tllDtl of tbe 
aol,.WIII_ bl~1 uch.Dlqlll. Thh un bpU .. oalthn t hat th, 
Orthopholphltl •••• ur.d ~I ID 101uti oD balor. addltloD of th' r",'Dtl 
aof th.t thl laUDlit,. of thl blua colof 11 '",clvahd, • hm"UOD of 
orthopbolphatl CODC.Dt r.tloD tlthlr thaD tbat of 1,t.rf.tias 10'1 . WhID 
"oftho,bolpbatl pbol,horva" (ro,-r ) 11 .... Id. It vl11 DOt f.f.r to thl 
r"v.lu of c_lcal &All,. ... hut to Ir ... ortbopbo.,hau b IOlvtlOIl. thl 
cOllc.lltt.tlo, of ¥blch II •• ,~.d to be .. "It ........ ur.bl. " the 
tropbollllic so'" 01 aon lIuI. 

Sol~bl. ,ho.phoru. (S') r.f,r. to the 'I'1l~ ,blat'ld Vb" 
a.braDa-fUlIn' (0.4S.". pore l1uo ' vatar 11 .... I,.ud Ifur ,"-laa 
d11"tad vlth ." 0",1'11111 .ctd IOlutlO11. 

Solubll .... r .. ctin pho.,hon .. (sur ) it thl diffeUD", ,"-"",," 5' 
.1I.d sa •. 

To t.l phosphor .... ( T.) I, obtlin.d b,. . , .1,.11" Whol. 1.kI v.tl r .ft.r 
.cid dl,"t1on. h 11 ...... ad that thl 'I'alu •• obe.h.d b, thi' tech'1 .. ~ • 
• r. l"d1cathl of the tf'lll ,hosphor".. co,tllt of thl I .. ,h . 

'arttcul.t. pho.phDru. (") II tbe tot.l pholphorul D1,~ 101ubll 
,hoaphor\ll. 

1 



_t ... "e ....... te ....... ne04 111 tM "'t ...... ~r. ,.,.eh •• d '.ecrt,th. 
unot .. 1OU ... ..,b,..u, .111 ."01'9.. ftr.ro .. bo., ,M. eM ...... '1_ ... ,bA,t.,.. • 
.. 1M •• ". ural_lot' h ...... 

TOtA.L, l'.u.TlC~n, 4IID totAl. SOLillU PSOSPSOlttS 

11'. '1', ... S' 'f. d.t.nolae4 routl .. l, ~, 'l, •• t1ma ... pl •• of l.t. ..... f 
.... UP ...... flq .. IJWu.-.... etl ... ro~-r ~, 10, 011. of •• "ual _1''''''.0 ... 
_h ..... booS. ( •• P .•.•• 1976, Stflekh'" .... "uo", 1'72, Golteno.o eod Cl,.. 
1,71) . Di, .. tloo II '2SO~, Il10), ,.ulllfeta, Of ,.rdllorlc .dd WId ... pr ... ..., • 
.... eos.oo p .. oe.'ur •• fOf ~1'111D& ... pl... 1'1' Dora.lJ., I ••• tb.t.d _, 
.u_tf.ctlo. Sl' troe TJI. Th ••• dl ••• ttoo procedurl., bo~".r, .r. act ... quat. 
tOf .... 1.k. Vltlr. Wher. h1abl, 1 ... _1 •• eospo\lQd. or .to.r.l. co .... t.lma 
1'O~-r .r. p ...... t. 11 .lK:b c .... "fcblortc . cU . ..... , ItfO" OltU ... t, 11 
ued lsi pi'" of . tld Of peulllhu • 

...noos 

The ba.le col o rt..trte •• tbod for 511' ... 1,1" 1."01"' 1 the .ddttto. of 
"'OQIu. .. lybd.t. to !~ . el' llt ..... pl. (ue~ll, 0.1 to 0 .") to fora 
12.- pho.phoeol,WI( .dd vblch 11 , "b"qIH!Dtl, rHUe" ( ..... uU, vUh .taDIIoOU. 
chlorld.) to fon • hi .. color . Aft ... 6 to 11 a10 11 .11oved for color 
..... l opa •• t. thl optlc.l 'e • • lt, .f ... pl ••• ad . t ..... rd . 01 .. tloo. of 1r.aova 
1'O~-r eooc.otr.tlo ... n aelillTed (It • v ••• l"".th D .. f 650 . ) 111 • 
• pectfophotos.t.f . sap (ODc.otr.tIOal 10 ... ,1 ••• r. obt.Io.d fros • plot of 
optlc.l •• ".It, (corrlct •• for COl0f 10 r •••• ,t _l.o~) of .0,-. It.ad.r" 
........ 1<001lQ ro,-p eOI<;lltratto .. . UltU thtt .U 1960., ... ".,'. technlqll. 111 
DIM fon or DIIOtller 1111 tb. U.s.-hooo'" . atho. fOf IHalllrlq SUo 

lbc .. eof_lc .dd •• tbooS, .... elopld _, Kw"ph, IDd Uh, (l9~'. 1'62). bll 
1&111.01 ,,14.-lpr" popuhr1t, vitld'O tbe hat 10, •• n. Th •• atbo<! .,10,. 
"eorbtc Idd for rap1d color dntlo~.ot . n.. prloelpd w..llt .... of the 
uchnique .... tut color ." ... lo~eElt 11 .u_h for lip to H ht or _u lod .. 11 
rl".lIt ... f. 04d •• Iroe •• 1ma1. -.iso' .01I1t1011.- Wh.r ••• tb. pho.phoaol,bd .. t. 
c_pll1: {OE'lled '0, Ien', ' 1 • • thod II ...... le 0111, for 20 to )0 .to .ft ... til. 
fedUCtlDt II .. .wed .... ' 1:1 •• 0I , Wn. IDd rHucUllt ....... oil<! 1"'1"'4111111, to 
... pl ••• loth •• tho •• or. pr.c1 .. (~ .10 ~. rlL) &Ad ba •• d.t.etloa listt. of 
CI. 1.010" ,/L 111111& aod.ra I plC tropbotoa.un I0.oI c .... ltu. vitb • lilllt PIth 
of 5 to 10 CII 10 l .. ,th. SIIIC. nr eooelDtutloDl 1D oUlotro,hic lib. oft .. 
• r •• t Of below the .ot.ctloo ltalt. of cOa'fIDtlonal .. tbod •• eatf .. etlOIl 
t.chDlq .... u ••• 10 ... eloped to hef .... UlIllti"tt,. 'or ea .. pl., St.phID. 
(1963) utr.ct .. redllced 'lIo.ph .... lyWn. _, .. cld1111 rl .. nll of tbe lIeorbic 
. e14 .. thod to ftltlted ... pllOl aAd "'tflcted t il. r .. ...: .. eOllplu: 10to 
1.0 ........ 001. Color II .t ... le for 1 bJ", tbe listt of del.etloD II 0.1 10', P/ L • 
.. D<i thtt "Ill' 11 0 .2 to no 10'1 plL. theatoerlelD 1M n.ptro 09") .ho 
dav.loped ••• tbot bile' OD u tr.ctlq pho.phoaol,bd.t. toto 1.oblltoool. Which 
II follo~d .. , tI'UCtiOD of the or,1.II1 c eatflct vith .UIUIO ... e hlofl •• • Color 
d ... elo~'Dt h n,ld .... n.bl. for. ",. The lislt of det.c HolI 11 CI. 
0.3 u. 'IL, 1.11. t". r'DlI I . froe 0.3 u. to 110 u. ,/L. 

10 tile l •• t t~ ,.or., thr'l •• dltloll.l .p,ro.eha. b.v. be.D 11 •• 01 t o 
•••• lIr. Slt .t low cooc.ot r .tloo. 111 ... ,la. whir. tha tOil, . e1d Upo'UT. tia •• 

• 

• 
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.1 ~"' .. UOMl _t.b .1' 'YUUtlalu tr_ po,,-p .. ~ of t1M lf174rol,dl 
of '-coatdd .. oq ... tt c_poUDdo or ... u .... 10,,-, " , ........ Ir .. ,nttd .. 
la Uhuuo. TH urI' _tt.ocl 11 ,"'t .f U,ht (1"'>. IIbo clndo, ... 
IfIl ..... ' •• eW ""no 2, (onbopbo.,bortc: actel) .... "'hust _ .. t. or 
r .. ,nt P04-1' .t • ..soli" to "08,1" of lab .. tn. a, _"t1 .. 11M ,10U1ll1 
tb. ",pUllo ... lodr, .f PO,,-. qalllu tlMo 1'0,,-, t:01I.Cota,r.Uoo.I 10 _.,1 .. 
( .... uatQ& Ufferellt 0,111_1 eo...:nturlo,", of PO,,-, h e .... ",Ur). the -.u:la_ 
,,&1 ... for ttle 'r .... 1'0,,-. (.Gulltful.a 10 tb, _.plo c.M '" obta1&lId. 1'M . 
•• thDcl '1 UO..-COIIO"'",. labolt_. aM nq"t, ... ,.dtlhed o, .. I,..at, l".t It 
h YUr ... l1tl". IUI4 b1&llly teprod"c:U,l,. C.puhos..f 'Oll-' toot.lltntlllli 
.... .arM by noll I""" aa.ol s&P .... 1 .... 'Iunheol iii, (o," .. tloul .. t..., •• 
11.,raU,. ,bel" eMe $I.' 11 ODe to two .rdan of ... 111, .. hiaher tbaa 1'f"1 
'0,,-' Cooclotrnlou . 

'nI ... eolUl 'ppro,ch, .. .,elapld lor Crouch .~ ""la.t.a4, (UU), 111 b .. eel 0" 
tbe '.u that .. to.ph acidity h ttocluttocl, the taU of tolor eludo,..,,( of 
nduc.d photophoeol,.W.u 100n..... .,. 10wrl", .delU,. .ad b,. •••• .al'" 
OpUta! dell&lt1 .fur • tOOHallt toWl iDunrll, It 11 po .. lbla to ,.rfoc-. • 
.. "altlYe eleur.ll1&tlo .. bafon ,ub.U .. tla! .0 .. U of "14rol,.'111 oc:.cuc .... 
• alhr .ppro.t b, • 6-nt •• thod, hoi, 'W." d ..... do,.d II, OIMberhl" .nd Shapiro 
(1'6'). ~lel .. 11\ld.c:.. aD4 reduct'''c:. .r. add.d aDd tolor d ••• lo,.."t 1 • 
•••• ur.d 1" 6 lee to tlrtu. •• "t lI,.drol,..l. of .11 but ~ ... t 1.bl1. 
co.pol,llld. . Th1l a.tbod 11 hl,h1, no.lth. ad ,.DOItall,. .h •• l_r SJ.P 
to"t."n.tlO11& thaD tOP.Duoa.al aubod,. The tblrd ."roatll fa • DeW 

."I,...tlt u chlt.1 4uot that tW'flOtl, 11 1" • d ... .lopaeow .tata <'attar .. o" 
1919). It 1. k.d 00 th •• blUt, of 104-' to cv-patHhdy IMlbit tlla 
b,drolytlc. . cthtt, of alkaUIII pbo.ph.u .. Irv- btbarltbb coU. IIoIu fro. 
Lab t;rk&ll. S.d ... , .bo. that P04- ' .allln aU'lIud ",lM &II'ij;;tic .athod .u 
lo,«r b,. aD IIrdu 01 aqll1tudl th.1I ntt.at .. ba .. d 011 coo .. "tloll&l .... lytlc.l 
•• tbod •• 

A .arlo ..... rror I" .... e to .... "tloll.1 aol,.bclID~ lilDe aatIlDd •• whath.r 11 •• 01 
to .... ura I', S'. or SlI, .rl.a. fr .... l"tuf.ullt •• b, ar ..... n or othar 1o", 
1" tha I •• faU, .. PO,-. , Tha 10a.a c.v-pla. wltll aol,bclan aoo1 ar. reduced 
'10, .e." ........ chlorle1. 11'1'1", a bl ... tolor. lOtI!ch Indl to &II ovu .. tt.-.u of 
10,-. cOIlC."uat1oa.a, Ihh probl .. h ..... u 10 laka IObara ., .. dtall h ..... 
'W." uaed to pOiloo .1,&1 bl_. or roonel ''1uatic:.a <_ Sh.pho 1971 ). 
Ar .. aat. l"urfuu 1 .... ".,.'. aathod but arnov-oh""u 11 "ot Her.ctad 
iDco tba orawe aoh.llt of .. :tt.c Uo" a&tboda , ad h lIIt.r"r .. ouly .11,htl,. 
111 tb . .. corble .dd aethod ..nell to10r oIa .. alo paalit tW 11 bpt below 12 &1", 
SUlc. alao caa 1.urf.n 111 10,-, 'IlIal, ... II, l ontot .tUc_olybd.t .. whith 1& 
reduced by .ta ...... 11& o;: hlorldlt or othltr raducullu. SHle. t"tarlenoe. Will 
oteW'. ho ...... '. oal, h. tb. r.",. of pa 3,0.-.,0, vh1d 11 a".;h hi,llar tha" tbat 
of _at colort.etr1c .etbod. ""'en the pa of _ddH," •• plea 11 ,.oer.U, 1.0 
or 1 •••• 

Otber t)'pea of 1IInrfauoeil or .frota U" uhl ft_ ~.al t .fhct." or 
fro. ~ hldd,"" bl...ta , " Salt dhcta ata ."co""ured .11 th .. Uti. of color 
eI.valo,,", • .,t of reduced pho.p"-ol,Wate .n dlfhUllt III ' .. ph. of lab .. atlr 
."d 1" n.aduel. preparae! 11\ .ttnl11ecl ... tar. PO.-' eoueotratlou t.1I be 
uadar •• tiaated b1 20-251 b, Barva,.' •• athod due to tbl " •• It .ffICt," but tb. 
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.. eo .. ~le "U _tM4 .... Mt ."..r to "- aU.uM .,pr.e1a~l,. la.11 ca." • 

...... r. 1t 11 prad.at to ... lataraal at .... ri •• 1 ••. '0,-. at .... r •• "a,.r .. 
la l.1La v.tar. ktl_ .fTOti la .11 colorlaatric .. thoC. al .. ca. arl" ft_ 
tM -b.i .... U.k- .U"t ... tra. eM _r.,.rUlc r .... U .. of .. 1,114." 
( ... OI_"'fla1ol ..... ,Ito 191]). na .... ate .... of 'hi •• trOf, ~"ar ... 
• Uflrll1t to ...... . 

lTlIlO1.tsIS a.D DlSOUllOli 

0IM0 of eM ,dac:i,al ,l'Oltl-. la SIP .1I&l, ••• 111 .... tural v.ura 11 tbat 
.1.101"ad orl~lc eoapouadl Of partlt1 •• <O.~ ~. I. fllt.,.d ... ,1 .... , 
r.l .... PO,-' ~ar . ttdlt toadl 'lolll. thu. 1.adlO& to 11,.ltlca,' 
o",r .. tI •• uI of tr ... PO,-. tOOt.Dtr,UolI . De.,lu ..... 'lc:iolll .od 
rlfc_.t.OUal ."ld.oe. 'Of the pbaooa._ ... _11 u af, •• ou tbat 
b,drol,.11 do •• GOt occ~. r,l,tl".l, II ttl. r .... r tb baa ba.o .0111 to 1 ••• tlf, 
the IOlIrta( . ) of PO,-. nle .... loto .. bUill lIDdar tM acid toooUtlO'Ol 01 
.. l,w.o .. bl ...... 1' ... or to ...... tb. aqCl1t .... of tbe ral..... U,lar 
(1966) bal .hovo that cdorla.utr aatbod .... raniaau trl/ol PO,-. 
eoor.otr.tlo111 I. 1.ke v.t.r Ity 10-100 cla •• , .ad l",.ll.r .ad Iacr~ (1'62) 
.114 Le.1>. .1>11 .. I, ... jto (U76) .hov,d that tbot ••• ,""."'OOD O«ll" lD 
laboutor, al,.! tll1tlln.. UaUar r .. lIlt. "'''111 U,lar'. Itl ..... ' aath04 ban 
"' •• I •• araud for oU.lIor. La ... M1tblJ .... atar (tar.pc:bat!!. !!., 1'80.) IlId 
f or III oHlotro,hic 1.I.u 1. OIItarlo. c. .... (Lcd.a n7H. fba fa t t cbat 
bydrol,.!. of or, •• lc coapo~. or d •• or,tl .. of PO,-. froa paftlcl •• OCCur. 
durlac coo"aotloaal SLr ... 1, ••• I •• 1ao 'lI,por'.d 1. tbaor, b, the .Q&,..tle 
•• tbod of •• tur .. oll (1979) . 

Th. ao~c. of the Ulteraud PO,-. h ""cutah, Itllt It haa It<tu. tllouaht to 
Ite (roa hl,hl, labU. or, •• lc c_po""'_ .hea tM -"tlloh.d or,.dt • pOOl- 111 
lalLa vnar 11 (:o.:.l1d.r" to be fllathaly lu,. ( ... l.1,lat 1968). It 11 
IIiIIllul" bo .. eyar, thAlt luch toapollDll •• n 101l.-1ha4 10 the .,Ulallio. of 
t,.,tcal DOrtb-c.ptnu lake., vb"e bacteria _Ill. 'IlItCtl , da,ude tb • • 
O_ltafl&1. ,ad Shapiro (197) al.o ."IM .,dut dlllolYid Of,'a.1C eoapollDll • 
•• • • I,ulllc •• t , .oure •• 10r. the ••• , ... 1.ltlllt, of earboh"r.t ••• t.r. 
IItpaeud to oce...r 10 la ... vater 11 yar, 10". 

Th. _at Ullal, ... lItc. of .uc:h of thl .aol,b.hu r .. uh. I'O~-' pool 11 
Iroa -.11 panlelu, ,rob.b1, collol'" or otbar plnltlllau. <0.45 ~'. that 
pa •• throuah ... ltr ... flltar. IDtO fll,r.t... lyid.DC. for chi. hal coa. Ir_ 
dh.u. flpofU. tlf'pc:h&t!!. .!!: (198010) d.o.atut" that trIM 1'04" 
cooc:eDtfltlolll tould loe OYlfl.U.at" It, 50-100% .... 1 .. ebe OIeabarll1o-Shaplro 
(1"') utnctlo. "chd'!,lM aD4 cbat ral .... of PO~-' ft. partie 1 .. <0.45 "­
va ••• i,oJlle.ot lOutC. . to,-••• aocl.ted vitb • bl,b a.l. t ul.f v.l,ht 
.01..,111. ill ""er froa Lalla 1\1UI1 .. "&,, ..... Zeal.ad, 11 Ubeflt" It, the 6-lIt 
.. tbod of Ch .. ltarl.la .ad Sh.,lro ( 1'6'>, •• arl .ad lava •• (1'7 ' ), .1Id 
Schle>dlar .!!.!!. (912 ) .lao lolllld. tbat atld aol,Wua .. , h,drolyaa 1'04-' fr_ 
rel.tl".I, 1,r,. aol.cul.r vel,ht COlloid. r.ported h, La •• (1973&, 1'731t) lor 
lau .. ltlf. Stdotoll 0'80) al.o hal cl."l, d_oouraud th., a ol,bd", ... b1 .... 
aethod. r .l •••• 1'0,-, IrOi tollold . 1. fllterad ¥ac.r {roa • tr'C .. bfl •• Shl.ld 
1 .... 10 O.t.flo, C • .:.ad •. 

A c ooc.rt.d .ffort co id.ntlf, th. tbaalc.l cOl,.. l tlon of '-tollt.llIlll& 
,.rtlcl,. III lak .... ,.r Illtr., •• ahollld be uodart.keo. 'rofl,.ltl. r •• lIlt. 
COllld lte obtl1l1ad 10, wo1111 U t hoiq,II" 'lOCh II Se.,badu ,eI UltftUOll, wtft 
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ctlluU",uloll, 100. _cU". , .. 1111, or IUtnt"" hto 'Ufor •• t .. h .. to '.Uo." ~, eo .... lltlou.]. AI u.a1,.b. 

'U.nATlON D.l.01.$ M'tl OTUI. AJ.tlner, 

S.rloy •• rror. 1. sap .n.ly ••• or lake w.t.r tao oct~r Vh.o ... ,1 ••• ,. 
flltu.d thro .... 11 ... bnio. or otbar type. of flIt." ... ft_ -bottle .thcta.-
Dillohod P04-' or ... U ,.rtld •• Vltb ad .. ,1tod P04-' tea ... rolau" hto 
Ultrat •• 4urilll Uhratlov. by l •• u •• fr_ .1 ... or ., .r .. u •• of otll" 
panid •• , or ... U '-ulltdD1l1t ,erUcl .. that Uberat. ,04-' Vh.1I. fUtru .. 
• n ..,!dUh' Uti. ba tra,ped III tile pone of fUt.n ., clOS.11lI whltb .. ch .... 
th .. fr_ Ultnt .. ( .u U.lu 191)) . Sto, ... of ... ,In it!. .erlo ... t7(l'" 01 
t o.t.l •• r. al .. UII h.d. to l.c r ••••• or du.r ••••• I .. SI.P eOIle ... tr.tlo .... 
I.e' ••••• e ... OQC ... r It eDr,. •• 1Iber.t. P04- ', .od •• tr ..... c ... eecy, If 
Mcurta uuch"! to the ... U, of the eo .. uhn .. d.n.ta 'I .. oh .. P04-" III 
or'.r til .I.W,. th . .. ,robl_, .. r, low •• e ... 1a ,n .. ~r ... ho ... l. ba ...... 
tOll,t ... t-_l •• , .. pi ... holll' be tUtarH, aa.cI .... 1' .... hovl4 1>a perfoN.4 .-. 
qylc1Ll, .. polllbh afur , .. ph •• n collatt ••• 114 IUurac! • 

IIOLOGICAU.T AV"u.uU PIIOSPIloaos 

... tt_pU .n .... t .. \IOder,ull4 . o ra ,r.cI .. I, the rat.Uo ... hlp. 
bat_ •• ,hytoph.kt ••• ro.n:h •• 01 'bo.'hor ....... n •• UIt, III '-U.ttM leke., 
.... lytle.l ....... f ••• U of 41 .. ohed P04-' ha •• e_ lIIIOSer clo ... c~t1.qJ. 
1,,14.oe. fr_ .... h" .. d,.tlo ... l114le.t •• that UP .... yr .... u •• , DOt ... 
• ,~l".l ... t to that fr.ctlo11 01 011 •• 01" •• , th.t I. blolOllc.l1, ••• 11.b1. to 
pbyto,hllkto .. IIIcI batterta . t'IIo blo .... y b .... be.o .... ac! ; 
.bort-t.ro ... d 100C-u.. . Cb .. berld.. (1"', 1973) c.~racl tb, 
r .. lIl.u of bio .... '. \&III .. P-It.n" (which ...... u-
.. u. of blolo.luU, .. ,.U,b1l ') b, tbral 
'llt,r.llt .oalytle.l aetho... Alt.r corr.ttloOl for .r.,oat. I.t.rl,r.llt., the 
th .. i t .l •• thodl ,.I'" ,I.IIUar "al"n .od th., ... n '''lIIt1l11, .,yh.l •• t to 
.1010.11;111, ... a1labh •. w.ltoo ••• Le. ( 1912 ) .bo abowed 1 .. l olllar-tlnl 
illC ... batlollS, vb.re ,ro .. th tllltiad. 01 o ... trt.ot y'uk.e .......... nd . that SI.I' 
....... recl by the •• torblc acid. .. tbod "r •• d with the r"lI1t. o f b10 •••• ' ••• _ 
.... r •• ot.. 10 .1Ib .. , ..... t atucll .. 0 .. the blo lo, leal ... 11.-bUlt, of • I .. 
trH,yt,rit. IlIurlll. LII .... ODurlo aa.cI 111 ... t.r Ir .. l..ab ODurlo tt .. If, lao ...... 
... r. Co ... 11 .DeI Le. (1916) aha ... d that 00 thl n.r ... Ioo'010,1c: .. 111, ... n.ble P 
..... , ... 1 to the SJ.P t OoelllltUtiOO pi .... 201: of the totd pho.pbor ... ,,11_ of 
tb. ,"pl.. Th ... r .. lllt, h'lcau th.t • lI.dUrallt ('.lctloo of the , pool 
th.at 11 oot .u ... u4 .. SlP we ......... 11.10011 for phyco,hokto . ,rowth o •• r 

Th ••• ty,.. of uIlllu, eo ... pled vith tbe fact that (.o ...... Uo ... l •• chocl • 
...... u St., [.tber th.o trllly dilloh.d P04-r (1M 1.1,1.r 1966 ... d oth.ra 
.bo".) , IU paredodeal. Sl oel ala'. t.ke .. , tr ... ly dhaolVit' PO,-, (hM 
1914 ) , ... 01 colorian'lc o.nhocl. o ... , .. tia.CI tlU. fuettoll of the 41 .. oh,. , 
polil 111 lau ... ur (1.1.1., 1966), bo .. 40 al, .. uu ~, SIP th.t 11 Dot pra'.Dt 
.. trill, d b.olt1d P04-' 111 l.ke ... ur! The ... t loat t d .".,lao.Uo. for thl. 
pheoo • •• o .. 11 tllac 11, .. do ... bU.te oDly crvl, ,Uuo lved PO,-.... 4 that .l,Oth 
of the sa' " ,d •• ;,.111bl. to the .1, •• b, 001 or tooth of two • • c haol ... : 

7 



(1) .. lMCi.b .as,.., d'UU ...... ,utu ••• ,.,lMl1 .... ,. f-eta"M ,alt ... 
11Mr" .. 1'0 •• , fro. U ... oh .. oquic. c._po'" (, .... _ 1910). or (I) .... 
tbe tOOK.OUltto. of trull .1,,019_ P04o-r 11 .. ,b'" '" al,u o,taka. :tlM 
~,,11111r1_ Mt,. ... tbo .1 .. oh" ... tbe ,.nico1.to P04o~r pool 1. l&Ql ft'or 
.Mlte. reb .. i .. r o, - r fr_ ponitl .. lito .. 1IItl_. r"rtbor r .... rth , h 
.. t •••• rl to 14.otll,. tbl ch"lt ,l fora. of r c_po..ad. ao4 c_,t.a,. la . tlM 
AI pool tbat .n bloto,ie,U, ... l1l1bll .0.4 lIo1I n,iU,. rbi, .tI ,r04,..:-M ,0.4 
taLio II, b, .1.... lofocaettoo OD tbl c.,.eliQl r.t •• of 41ff.r.ot eh .. leal 
Ir~tlOD' of r to l.LI •• t'r aDd f.ttor. thet ,.,. &fflet rbllr "olo,te,' 
, •• n,bUn,. 01'1 pn'lotH 10 tbe oat ehe,tor • 
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t unch In the de tu'llln.tloD o f orthopho'phlte 10 

S. 1.. COlt ..... 1I .1Id I. S. Cl)'1111 (.dl . ), Che1l.1cal 
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Octokr 10-16, 1966. 
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du pho.phon d.ns 1 .. Font .. , lit AH •• ,. ' " l l.!!!. £!!!!;" 'arb 
47: 145-748 . 

'aerl. B. 1/ • • Ind 1'I . t. OoVDlI. 19I5. liolo,leal ... 1.111bIHt, of 10 .. versus 
hilh _hC\llar vd,ht . uctiv. pho.pho .... . I.!.!..!! . !!!. l oard Can . 
35 : 1639-164). 

,.tur"on, K. 19'9. En,,.IUe d.ttniutlon 0 1 orthopho.ph.u 10 IIItural 
... Url. t llt ll"lIIt . la ..... 8yd1"ob101. (lD p .. n). 
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Oeunol, r , 13 : 7-13. 
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fr •• h .... t.r ecolyet"",s. 'roe., 1)P Sy.p. 

1972. IIlIt ritQt ey<:11111 I" 
"" World tutyat .... , S.atth. 
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", .. 00 •• ,,, .. 

.... pbor_ 111 .. ,rlad,d •• ,ltrhDt lwlth. ,r1a&r,. ,r!lOluctlOI I" ~It 
fr •• b _tu. 1'1oC1"'" the Cru, ~ .... (.UlAle 1t7l). Pbo.pbDr,.. ... tan lab .,It._ thto ... " tcUlllnrlu 1M h04 I'UBOU ( Scbff .. r ..... Oil .. ",. 191', 
Cautetter and All .. 1911), dlnc:t dbdl.lrj' fr_ h ..... nthitl .. (addtu 
It d . 1919) •• a.t Ic.ol,hulc: 1IO\ .. ,c" (U .. ntich It d . 19n, DeL .. ,. .. ,. 
Petif 1911). An .. H .. n of toul 'h""hot .... lOld.totlM er .. , WUI I, 
,*,"Idecl 10 T.bl _ 1 (Chapn ..... SOIIoI •• ai 1979 ). OUt ..... uu,ut&l'J' iapvt. 
1' .. \1.1,1111 h In" pont fr_ atdc:w.tuul laM r\&Off. acCOUl1U for .. lat,_ 
ponloQ of total phD.phon, .. ",dld to tbe Cnat LAk .. (aw,ra u.d S.ouo,1l1 
1919 >. Ttl, efhe r of , hc .. phorua Added to or ral..."ln," b .. lalla 4,,.1Id, Dot 
ool, ,,0 the tot,l ' .... tlty of ,ho.phor ... II tbe Wlt.r bvt al.o 00 th .. lell 
f o no., .... aJ,labUlt1. ,.:wi radll'Get; ti,., 111 th' .. ,tU, Tbul facton .ra 
b.HIIU, .. {u.llc:tloo of tM pho.,holla • • \lttl ... t II1 t laltdJ' In cOlitrollltd to, 
1 .. lit\! proc ..... . 
-- -'i,apbor..- dl.lnr, 10 lab, 11 ,1.p111114 to, UII. he.t thn the d •• flt 
""tau In utuU ,lao,t c.c.plctd, 10 the od.hltd 10"' .. , hoa,uU (5t_ aflll ""c,&II 1910, IIUll .. , 1911). BtI ...... r. o tb., facton, ID(:ludl", the uro", 
t.1I4.1>(. ' o f ,hoa,ut. t o lorto to aDd be u1 .... d frc.. ,.nlculau •• urhh, 
(.o.,11c.t. ~.rltllldlA& of ,ho.,horul cyc11a& 10 ,qv.atlc 1, lt.l . 'holphorua 
111 ).at .. cao. lie e..u,orhad . ccordl", to cbalcal fo", or d.nUied to, 11 .. 
loU dlnohed, panlcv.)au, ... 4 collflidd C.c..pHllflU. 0I.1C11 'au 00. 
,bo.phorl/.I cycl1", 10 the Cr.at Lat •• haw. tot.o col1 't.d .ad '_Irl, •• to, 
Torn, (1976) .... Upchurch (t 9l 6 ). Laborator, 't\/.dl .. , .. d lid' oto"natlolU1 
"I'V'" ,ro,,14" hal,ht 10.[0 the. ch .. iatr, .Dd tolo10alcal .",.,l1atol1lt, of 
'Uhullt phoa,horlll l on, 111 ... tl/." l "'UrI, bllt ",act •• e.haaJ •• all' uu. of 
.... , r •• ct l olll Iff.c tl", pholphor..- c,c1101 lrt oot kAovo (Torr" 19?6) . Thl. 
Chaptl' will ~pha.l'l a.,.cta of ,holpho'QI c.heal.tr, which .fflct oll t r t ,ot 
c,clJ", 10. the Crllt La.t... q un.pt "Ill " .... to toriall, ..... c H" tJioVII 
cooe.pt ..... lodie.tl .r ••• Vb.,. IlItllZe r • ••• r e.h 1. Del.ad. 

CllDUCo\L r OlH$ Of PII051BOI.U5 

rho .phor..- II .qv.atlt 'COI,.t~1 OCCYfI .1 pho.phatt 10 or ,lolc eod 
1110r,IDIe. cc.plluDb. rn. orttlopho.phaU h the 1I1Il, fo no o f ,I'''''phoru. 
\M.U • .,ed to be .. tI11se' dlnetl, b, ph,t llpllllttOIi (11,lu 1973 ) ud thua 
,.,r •• lota a •• jor lJo.k \Mt .... o or,.olc lad 100',lole , bo.,horv.a c,c11oa 10 
Labl. 1>1 .... t..ral "'tlfl, orthopbolph.lta D(:e.ur. 10 l ode .quUltorl .. , 1 •• • 

,1: • 2.2 pi. • 1. 2 pI· 12.3 

"Uh 11 21'0, - .... 1110,2- bel ... thl pre'c.lolDt sped .. o"er ,11 ra .... of S to 9 
( St ...... od Kor' .... 1910). ",uu 1 Ip,roslJutu the l 00r,uic 'p.dal 
dlltrlb"tloo over pll flogli "h1cb oee"r 10 tho! CUat Lsk.... CC.plUltioli of 
pho.,hofv.a to)' IIJOr 1001 II l1,n1fle'tlt 10 Iu. ... ter; 0111)' ~ pa r c.llt of the 
BPO, •• 0' 0.' parClDl o f the 1'0,3- In Utlaated t o M 111 fru 10111c. fon 
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(KeaUr ... ".tkoviu 1967). ea2+ 111 lM _I ... t ,_,la! .. , .. h K", t:: . 
• ator (a...t'llt-.! It d. 1"'). .t.ltbo ..... c.alc1_ cellnaUatl ... an bwiel' 'II, _ r: 
..... " .f Mldt'" iil Or .. , ~II .... tel' l .... I, ..... t .... cald. I, tM _jer 
ull_ U. 1M er .. l ~1I.a ...... M, c_,la ri,'11 U • .oh ......... r... If 

Diuoh_ bOf,PiC ,.opbD1'''' abo occur. u c*_" pbo ..... t •• WII.1d, p 
otl,la.to ft,. bloch_led pho.pllon., tapo .... ( • •• • UP; Id_BaD,f" lKt) or 
.. , M .... t .. d trOll dun,lou hi .... u ",.Utl (Idllke 19(9). 11> M'111oa to 
.ol~bl. for.., loot"olc ,bo.phat .... , M 10tOf,o'lt" loto ol.,ral, or c .. "-
.or""" to laka .. ,U ..... tI ( .... q It d. 1976, 1I111t.... It d . 1980), ,.nltaht. 
or.,llle .. tuhl (Villi ... !!. al:-1Th). da, partlcl"(iitCe.l111tor ad Loaoa 
1918), or hor,.nte pudpltatu ' \IoC h .. and hy4ro.,U .. or 01li4 .. or e.CO] 
(Ml::Callhtn ,ad Lolao 19". \lbtu ,Dd Vand U1S). 

Pbo.phor~ occur. 10 o".u1 ... II orthopbDl,boto., phD.,hol1,1 •• , luclole 
lel,h, ...... :leoprotl1u, COI"'r-U, lIId ,hoo,hor,bud ' .... u (Alu.uu 1961) . 
rho,phat. 1 • .oa.tl •••• cc~ul.te<! b, ph,topl.oktoo 10 .. c •• , o( t~lr 
•• ubolic .. ,ed ... a -1..u:UI', IIpt,h- (bygo14. 1911. w'-_, Chapur If). 

10 1441t1011 t o bdq a callular CMpoOaot of or.lIIIi .. a, or.&II.1e pho.pborv.a 
occura 10 Galllr&! v.t.r. I. dla.olv.d or •• ole forti or II $Oo-lla1ac 
particullt. or .... l e cMpo~d.. lb ••• IIOII- li.l .. Irletlo.t loclud. r.lidu.1 of 
pl.ot., 'Ot-all, or .1crobel, ,ad jt ... o.tlc br.,k40VQ ,rod~t, o( tb.,. 
rIlUu.a. Altho ... ,.. or.mlc pha.phor ... c_po .... d. ori.tOlu tr_ loeorporatioo 
of pho.pblt • . l0to 11vtaa .atlrl,l, or.,o1c coopo .... ot. of ',uatic ",t ..... , 
cootll0 or.llllie pho,phat., 10 fort. cooI14.r,bl,. ,odlflad trM that pr.,.ot 10 
U.,lq ."arlal ( • ••• h~le nb.taoe", Ifl .. lIIk_ 1179). 1a&411y cI •• rN.bl. 
(l.bll.) or.anlc pbo.phor ... coapouad •• y d.fio1tioll 40 DOt azi.t for loac 
period. 10 th .. vlur .tur bd ... reh"ed (roo or.ni ... b, .,.cratiH or " .. tb. 
SolI. or •• o1c pIIoaphor ... coapoomd. fon~ b, plalltl '1101 other or,&I1i .. , appelf 
tabUlely rlll. tlllt to cI.c_potiUw. ror ..,..pl., pll,tle ,ci4 (1l1Ol1tol 
baalphaephal.) hal beeo {ouacl to be r •• l.t,ot to 4.coapoaltioll 10 .. curll ~tlr 
(~d !!..!!. 1971). Othar eoopo\lllolle (lIuclaoUd.e '114 lo,tl_ .lyuropbo'ph.u) 
~ •• iot.raadlet .. ,tabillt, 104 dleo.po •• o •• r I period of .,..k. io l,bor.tory 
eap.rt-... t. (locI.1 .t at . 1'77) . 

Of all 'bo.phoni'a""7oapo .... ou hi Nural _tau IDol ",U.-.IIU, the 
o.oo-livlq or"o1e frac UoN IU probabl, tba la .. t lIIId.ntooci &lid .. ,. '" 
chl.lc.ally the ""It e_pl u . • prl.If, Ulloa for thh bck of ura4ar'tl .. 41oa 
ia tbl Ibl.ac. of 'lIltlbl. 'tlodlrcl •• th040Ioa, to 1.01,t. aDd •••• lIr. 
"_polllat e_po .... 4.. KIln au.l,ttul acb .... c_oal, ""ed for pho.phor ... 
• ••• lIr ..... t. la OItliral vlt.r. , ..... tl(, or"olc eoopollDd. b, cllff.r.lle. r'th.r 
tha .. by clluct ..... lIr ..... t of coapoo.at coepolllld, (St rlcUaDd .ocI ',uo .. 1972, 
suodld IIItbod. 1176). to I chl ..... coo,uhlOIh. plcturl of or,wc 
,bo'phoru. c ... po.ttloo ,ad ,ctll1t, 10 Ilt.., 'plelflc eo-pouacla or ,roo,. of 
co.pot,lDd. ,holild be taollte<! ,114 . ... lIr..! . Metbod. l'lcaatl,. 4 ..... lope4 for 
apacific .rollp, of c",poIlD4. be .. . ba.a 111.01 to ,,"rlf, the pr ..... c. of lDO.itol 
pho'phet •• (W.t..r loci Ar.'troa, 1977, El •• or.lcb 1114 Aro.trooa 1'77 , Berbe • 
• t 11 . 1914) , a\JC ldc .dola ( Mia .. r U72), 1114 U, (11 ... .u. 1t7,), but tb. 
e;.P;;a1tloa of a ler •• fractioa of cll .. oh .. l1l<I particul.ta or,lo.1c pho'phor", 
.,t.rlil. r ... l ... ua i cl.atlfl.cI (Ml, •• abe~ 1979). 

01111100 of or,lalc ,ul r1l1 lato dh.ohed IDd partlculat. fncUoOl 1 • 
•• a.rlll, cloo. b, flltrltlOD (St,lId,r4 Metbo4. 1'76). Matlrl.l. pa,alac 
thro",h I 0.45 .!crOll. pore . h . IUter are arb1trarll, huled .. dh.olv.d 104 
tho •• r.tlioed by the fl1t.r "pertlcul. t.. 'third c't',or" the col101c111 
fr.ctloo , clnoat be 't rictly c.co..4 I, 41,,01.,14 or ,Irelelll.t. bile Cia 
10&l c.ll, be COU14er14 ... child 104.,.od''ot e"poDeot . Collolclal utarlll 
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cOOltlt~t ••• 1.1'" f,.ctl ••• f .r .... c .. t.rial 1. lata .. t., (&11 •• 1"') ... 
.. , '" "l ... aat to pIIoo,.r. ltoe. _lI .l"oh" ,..,.lpMna h .. tlal'al .. t." 
'I ... ooch". ritb kia" _beul., ."lIt or.-.1t .. url&1 (Do .... aM '''1'1 
191a). 

Cauaorid"" ,ho.,hor. _ th. "'110 of IOl .... 111t' or otllar o,.,.tl~U, 
4.flo.d ehorlct.rlotle ... , be .101,"1" _tau' pbolpbat.O eao 1'1,141, 
O1e~QI' _tv..o 411'.,.ot .quatle e .. ,.rt ... to (l1al.r 1'56). t,.to,lc 
1t .... 1 .. III eooJllo"t1oo dth .ohclilar 111'0 'racUooaUOIII 11.1 .... balO ..... " to 
dlUo. hutletlo ... \IoItvOl. onhophoo,ban. ,anlell,latl .... opllorlil ••• 
Ulloh04 oraollle pIIoophor ... III lake "Itar . 'or aa,t.. ph,to,llllkt_ hatI. 
bou .ho_ to ,.lo ... 10" ' Oloeular _Iaht ( ... 2~) orllDle phol,bor\lol 
" .. po\llld. vhlch ... Io .. ~ ..... tl, e""I'" loto 'lltab _locular _taht eoUol40 with 
,.rcII l 1000 of ortbo,boo,h.t. "'ek I.to "1,,tl0' (L41O 1']1). Ortbopbo.,hat. 
el. be r.1 ••••• frot orl',le phol,hor ... cOlpoUAd. I. v.tor 10, ea*,. •• ( •••• 
pho.ph't"e') or !roa collOidal huaic .. t.rl,l 10, 1 .. dool, of ultrlvlol.t 
IlJlot ('r.oco .Dd "It'll I']'). 

ClIDI1CAL lUCTtOHS .,rtCTIMe PBOSPIlOlUS ctCUIIC 

l.actlo .. tb.t CIII .ff.ct plIo.,hon, ",cU" h La ... vatar .I11III ,"Sa.on 
loci ..... pr.cl,lt,tloo (aDd flocul.tloo). " .. ,lCK.tloo. rldo& r •• ctl0 •• , 
"rpUoo •• eU-b ..... ...." 0 .... d.t' of bloeb_ical ,..ctloOl "{L4. aod 8o.d1l, 
1"7). n. ..... , ... etloo. If. 10 t .. nl ,troct" to "uJiaa .'1"" to, f.ctora .uell 
•• ,a. Ell, t.,.ratu,. •• ad 11&lIt. n..r-."'J1I_le too.liar.tlo .. IUO" 
,'HlcUoo of fo,.. aod r.lIth. coou,otrati ... . f lDOr,lDlc ,ho,phor ... wd., 
.q~lllbrl ... c.odltl ... whlD !b .04 ,I coadltloOi l od eb_leal coapolitioo '1', 
~Oll\l . 'ouotlal roh. or pucl,IUtloo, c"pl",nlo., .001 rdoll raoeUoo •• "d 
.ula .. 1Iv.1I of lootllOl" "OIIPOO"'U en be pudle ud tblr. ... J1I_lc:aU' ~.IQI 
.. l~lllt' or e .. pl,K.tlo. ,toduct. vII.o eh .. le.1 coodltt ... of 0 ,.re.l of 
w.ur .,. i.Uoad (5t_ lad Morin 1970). 1q .. IUbrl ...... 11. ,ucll .. VADQ 
(True..tall IIId JODIO nll) eao M ..... to .. tSa.u th.r. ... yo_ic hora .... le 
pbo.phat. ,.ttltIOolee with •• jor c .CloOl .., 001000 10 tbe Cr •• t La'll •• ~d.r 
vltlo ... vioter and .UIIlr co04ltloOi (Tlbl, 2). to tbi •• od.l. KPO.2- 1. tbe 
•• jo. for. of ioor,lIlc pha.,hot ... 10 th .. vUer f.Uovad 10 laporuoc e b)' 
ealet_ .ad "IDld ... e .. ,l", .. of 'ho.pbl .... . 

ThIr.od.J1I_le cllcu.latt ........ d 00 laborator, ob .. ruUolLI ,ho,,1d M 
utnpo1ltecl to }au w.tlu 001, witb CI~tloo Mea .... of tlMo ... , c .. plu 
f •• tur •• which .. t. 1.kIt . , .t .... dlff ••• ot froa coadltloOl 10 tb. Labor.tory. 
& 'Ijor f.ct • • eOllpllcatloa pIIo.,hor ... ell ... lotr)' 10 1.ka. 1. tba pr ••• oc. of 
.rl.ol_o vhle h dr ... t lc.11, .ff.ct o .. trllot e,e1lac .Dd 110lt tbl u. •• fulo.,. 
of th.r. ... J1I .. lc ... leuJ.. t l .... to ,udlct eoa,..1tloa .... cOllc.otratlooa of 
ou.trl.ot fo,., (LI. lad '"dl.,. 1967). 

co.pt"ltl o" .od Prlct,lt,tioO "Ictloo • 

.... ••• tlo." ''''"'' pbo.phlu 1001 c.o fo " "lu.bh c .. ,l", .. o r la.olu.bh 
, •• e lpl tatu with Utioa ..... eh., .... Ca. "' •• ". Al. If CCUlc.DtraU.o. of tho 
Ittal. IO. pho'phlt .. Ifl .~ffiel.ot1, hilb ... or.nioa of " lubl. pbolph.u 
c .. pln .. 10 IIka WUU •• , oot IfflCt • .,athbtltt, of .,lub1l phoophor ... to 
orl,nl ••• bu.t "1 pr,vfot prfclplt.tl.o 01' oo.,tloo of pbo.phac,. Vb •• 
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,ho.phor_ 11",11 .n IU,,,. h'lr c.oHlllo .. 0' .vfUdHt plio.,..., .... 
u1c.ha 1 ... 11 .Dod "ta" ,at e..lettl _, ... e._llt" tI l174r&1l,.,.th, (It_ 
aDd Kn, .. Ul0). I. n .. 1", or _lvbU1t, ,rodllCti ....... n .. l ... h .f 
,tIO.,bat •• aad- altal. 111 ."S-•• t vusr. 1" ".tI It 11. (un) to coaelllds 
that .. t.1 ,r.e1,lt.t •• of pho.phllr. Il.LlO. ( ... rl.crtiTt ,.PO. (.tr ... l\.) • 
• 04 talO(PO.)6(OIIh (a,d-rolly.puIU») .re aot S-portUt for r_ .. l .. pbo.ph.su 
fra. .. 4ia.at waur 101IItl ... AD " "aptloa .. ,. H b"'ru,.,.tIU hi. ._a 
1.11. ... but _IIDU 01 thll preclplUte I. 1I1Le .. 4S. ... u .,. lov (01 of 
laor,.n1" pho.pho, ... ; kbafll14 1961 ) IIDd do Ht .,,.., to lis .... lItltaU ... ly 
laporUnt (S,.n ll!!' un) . 

Sor,tloll, bdoll, .nd Acid-bill le.eUIIII. 

PhIIlphltal In nrll .... l' l o rbld ., • ,,"h,t, of ,..rtlcullu 'Iterlall 
l .. c.l .... UD, ell,.l, ol, ... le. ~rtlculatll, 1.4 .. .,to ... ptleipluta. of altai • • 
ts.plll of thl lIttn .n the C_OD .... of ClCO) .1Id .halM to r_O"I" 
pho.phor ... Ir .. vlln ".ur III treat,eDt phau. Pho.,borUi do .. aot 
plrtlelp'U dlrlted, III redo" reactlo"l IIQ<\U so.t .pHo.allul e.oMHloal bvt 
CIa be l orbed b, plIdpltltll ..tIle.h fora .1 • r.ult III r"'oll e.oDellllo... lfI 
.Itlllli v.un eOllullll .. r., )fa, or .u. IIrtbo,ho.phlt. 11 . 0rH" to thl o"ld. 
14410r h,elrod4. ,.It of th ... a.ulI (V'IIleh fora \1114" OIl)', ..... tl4 eoa.UUoo.) 
but 11 relllled ..tI1li the pr"lptt.t .. dilloh. uoder r"ueilll C.OMIUoo. (S,." 
It d. 1973). ".oYa1 of pho'ph." fr_ .ollltioo b, talt IIcllaol .. la 
0i,. ..... U4 ... un .DOI ulll'" of pho.pho ru. _II. hto n4u.ced ... tln 11 I 
veU-lI.IIOVl> 1'1'1.,,011.000 10 hkel .114 •• , be the Hit iaporuot chnolcl1 
ph.OOD'OOO .(f."t1111 ~ho.phorll' ell.trlhutloo &Do! c,cllo, 10 .qu.tl" .y.t.ms. 
th •• u.aotit), of pllo,pllon" ,"r"d to •• ul precl,Ultu ~.o .., redUCed b)' 
or,.ole .nloll. vhl" h chd.u th" utal. (E.rl It 11. 191'). 

aualc 'lIbn.ocu 10 .. dta.ara ~IO bll1d pho.ph.t .. fr_ o .. erltlllC 1.b 
v.Uts. Hutrlaot. tdd"d to h,.po11l1oltle w.tan of ••• 11 C .. tdllll 
•• ,.rl •• ot.l 1.b ceUled alolal1 .utrophlc.tloa .ff.c.t" ,.l.tl ... to "If.et. 
".u."d b)' aci41tloa of outrl.atl til .urf.ce v.t.r. of I ,1I11.r 11k. ($chlodl,r 
.!!. !! .. 1geO) . PlIO.phorUi ad4ad to the h)'pol!aoi ...... trlllder ... d .fftclllltl, 
to co11oldll a.lulll 10 th ,"'1I""U vlth QCI 4"uctlbh ntu.n to O'Iarl,.l., 
v.tar • • Pho'pho, ... d}'DDlc, 10 th. Cr ... t 14kal •• ," dllf.raot, how..'r, 
He,II'" Crelt 14b .... lIautl 11l1.l1, c ooulD h •• Illaic &lurlll &Dol hl"l 
bI,har rado" potlltl.h tlllo do the ell,.ralltll 1I1Le.. Crllt 14l1. .. vat.n .ra 
.ubJ.ct to lIr, •• cel. ph,de&! proc ..... (Io,CI 1974) trhich .. , r .. u1t 10 .ora 
outrl .. t I .. chlll" tbto occur. 10 th" Ctotdllo u,.ru,nul leb,. 

Tbra. of thl CUlt 1.111. .. (Klchl, .. , Erl., aod Oaurlo) lZIld.t,o ..... 0 .. 1 
.pUiaoltle I"to,lal c praciplUtloo of taco) (St raOl '" Eadi. 1911) . na,1 
p.rUe1 .. tr, poltulned to .,,,,. II .lfl~ t'Q.t lubnrtt .. for pho.plIor .... 
.or,tloo. thdr hr,. ,h. (CI. 10 " a) .. d 4 .... Itnoet"1 U;ulI t .... to 11a1t 
rapld1, .lId rnoov. pho 'phallli froa luphoUc 1011... Aftu ruchlll th .. 
h,poliao.1ol1. thl panlel .. lo ,.n .U uoh. a" thu.b, ul .... tr ... porud 
pholphoru. bid, loto .0luUoo ( lIOpllbll1h,d d.lI) . 

Pho.pho r ua C.II .tt.ch to cl.,.. b,. " hellca1l,. holldiQa to the po.ltl •• 1,. 
chll,ed Id,1I of the da, ptrtld .. or b,. lubttltlltl", pholpl\a t .. for .l1t ~lt .. 
111. the e1.,. It r uctur... fholphat •• ao.t .ffl"tl ... 1,. IOrh to cl., •• t pB'. of 
h" th.o Mutrll ($t_ .04 Mor,.n 1970 ). Sioc. ch,. 40 ."t ...... 11, 
d t "ol ... WIder reducl", coodill ottl, .orptloo to cll,. pra .... bl,. 11 h •• 
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4.,.lIoIIloc " Ih corwlUS .... tMG it IOr,tl" to • .ut ..... tal ,nc.lplut ••• 
Ot,oale plIo., ... c •• ( ••••• "ehot14 .. , .vddc Ic14., IlIC1 .. ,rout ... h.lltol 
,ba ..... t ....... ,lreuophoopMt •• ) .,. too,"" "1 clo, .... Ithar paniel,. 
( •••• Gort ... u4 "nbol_v 1951, ADd .... " ... 4I'U", 1M2). Sor,el.o of 
blolltol plIoI""t .. "1 el.,.. 1t ,nlt .. t U .. ) to 4 ad Ia.cU .... with tb, 
o .. bet of ,ho.phat .. 111 tbe or,uic oolec1lle (ADdlnoli .1Id itt hi,. 1962). 
Shoe:. ,tWU,MU .. tar. In .orbed tllt'lIIb ,bo.pbne ,t • ..,., IOtpUOIl of OfIUIe. 
phoo,hor_ c_po>KlOlo t ..... _pecud to r .... bl. that .f hot, .. it phooph.ato 
(S'IU ot d. U7J ). 1D addtttOll, orl.ol<:. pho.phor~ e_,oI&,:11 ." M .orbed 
to b,dropbOblc orlute portl_. of ,arUel ... 

kid-b. .. nactl ... ulau dlrutl, to pI "bleb cootroll thl nlett •• 
CODeootrltloa. of .rchopbo.phAt, for.. 10 I.lutio. (undor .~ull1brt~ 
coodltl .... ) u4 •• )' IMlncel), afhct phoephor ... du •• htr, Iud crcU"" to,. 
la11.aael"" .ot,tloa. ,nclplutloD. cOll'I ...... t10<1. nolo., aDd U oo:.hesic1l1 
nllctlou. ( •. , . Loll NI4 ".dh), 1967 ). 

tIoa to itl JlIIUit1 .. ., '--portaDCII h lab .COII),Ues" .... alhbh pho.pho n ... 
i. Upldl), rMOTecl frOll 1I01\ltlo11. b, pb,tOplAktO<l hi ,botolJ1ltb.Uc 10" .. 
(U,ler 1973) . Tbll •• chlllI.h. nduc .. (and .. ,,,t1l1t111) tb. _OUllt of dinohlld 
ortbopbollpbllt. 111 tbe .,lllAlII.1Ot1 dllrl.., • .-u et(~t1f1catlo" to hyde l ov.,r 
tha" _nallll, ... nrN b)' 1It.0d.cd . ,,1I1,tlc1I1 ucluoiquu « 1 101' L-l. Ii,ln 
1911, 'ud .1Id Do"" .. 1911 ) . Other Of,auta, .... n aajor IIflae u 011. 
pho'phon •• C,elilll b, ~obUhla.a pbo.pbo'f"', b)' .aU", DO,,-ottbopholphat. 
fona_ 1I"1I1111bh t o pb,topl.nlltOll, O'f b, pho.phor ... upcau. lIlt.ncUotl1l of 
pho.pho'fll& .. Uh .q .... ttc o'f,aDh ••• Dd .. clwllli .... fhui", 1t1 a .. all.blUt)' 
.. ill bot dliCullld h hur .. ctio" •• 

S.d18.Dt. ar. Laport.Dt "bufflri.., • .,dlu.." Yhieh CaD 10(lua"e. pho.phoru. 
hy.h 10 lab vaUfi ( I.uo .0<1 'Loua 1914). Slou photol , oth .. 111 11 .b .. ot 
(.lIe.pt po"lbl, lit .N1 •• lI.t , urheu), bio!<.,le.1 pro.:. ..... r .. u.lt 111 • lI.,t 
aio.,r.lt,. t i oo rlth. r thall productioll of or,AIlie •• tt.r io .IIdLaeot.. Modifi.d 
r.do. potential_ llId blah cOlI.e .otutloll.1l of hor,_utc to ... Ad of .lIdia.,ot 
,.rtlell', r.lat l .. a to l.b Vat.,r , .ab tbll ,eolia.,,,t ell.troGa.ot pot.,otl.ll, 
e ooduc iy. to 1IaD)' r .. ctloll.1l dlllCullled .bon aDd .. b .lIdiatoU a D laport.lI.t 
poteDtial lO ..... ce of lIIutd.,II.U to laUI . 

'Ic t o r. Iffectlae .. cha"". 'f.te, of pholphat •• aDd other lI.utrl."t. ac ro., 
•• diacot-v.t.r 1I1.t.rfae •• l"elud. ph,lle.l turbul.oCII, rtdol pot.ntl.l, 
t'.per.tur., pB, r. l .tt •• cone.Dtr.tlOD ,radl.Dc_. btol 0.lcll I c tl.1t" ~.tloD 
dl.tributtoo, .1IId .edt..,Dt ea.po. l~lol (~p-IIOll_em li74, Boldr.D .Dd 
~.trooa 1980). 1" lIlIA, lat. •• dt..Dt' , pboapho'fUII 1. 1.lOelat .d with trolll, 
.Dd l.,vlll, of the two .lea.Dt ' .r. dirletl, corr,l.t.d (S,er •• t II. li1). 
Th ... jDf fie t ot eObt r o ll1oa ,ho'phlt. exchaoa. 10 .~.roblc .ii~Dt. I, tb. 
pho.phllt. conceot r. t i oD ,radi.Dt ( . c ro.1 th ••• dt.eot-vat.r IDt.rflc.) vhteh 1. 
co"nolled b, pH .tId ndo . pouDt11ll of tb. IIdlaeou (~p-.tel80D U 74). 
Zac. pt fo r chi elDenl buill of Lau Zrh &bd poU"td bI, •• Dd hlcbor., 
•• dt..nt-vatlr IDtlrfle •• In th. Cr •• t Lak •• Ir. ,eD.rall, Dot 1" • f.d~.d 

" 

I i 

n 
r 

• 

· . 

• 

, ' 
• 

· . 



at.t. ()Ionian It7l). n.euron, tM _balll .... _t •• t .f ..-.... n. 
ue ....... or 011,,0"'" .... s.o, la",. Wit" t .. "'artfUl .. rn h .r 
,.rtlt1&lar hurut for the .... ~,.. 

bact .. thalli .... t plIo.plIor.,. aehA.." IIon.o. 1 .... la .. " ... _ter 
.... OOt \eoa cG.plo,o17 •• fl'" \¥t 1 .. ,190 .... ral Jot,roctl •• 'roc ..... . 
ktul 1..,.1, of phoophato or othn II"Hi,au ....... r .. 111 b1JlOl1aaetic or pon 
wotor. '0 Dot ,fovl'. co.,llto 1afor..tlol1 00 thOlt flYZ to 0.' fr~ ,edt.OOtl 
bee.u •• ..s'lU," uwI 'M'''.,1 'roc ..... 1'7 oo;CIar luvlulIeo,.dy .... , .. ull h. • 
.. ,II lIot tOlleootrotloo 111 tbe votor. 2, trotor Ituit •• b ... "ea \laM lO 
,r.pMedl, ponny pbo.,honMl ucbaql Mt .... 11 ... t-.. t God water ,. tlllO 
(,_n01 ot d. 1965) or oon (Ll at d. 1912) Urn or4.r ___ "tiou. 
LabontofJ.ii4 Ud4 nIHIl •• lui •• ;&.;a tut ,hoophorwo IIOr,Uoo .... rd. .... II, 
.. 'la,ou 11 affu,ud 1101 tt.. 01 apoI"'o (luo ,Dod Lou. 19'"' ..... 111 It &1. 
1916), pho'phato tOllc,otrotloll oDd .edt.Ollt p.rClcl. al .. (Iv'QI .t .~ il16). 
rdolt. t_p'Ut .. I ••• 1lI1Q1 IlIt.ult,. a.ad: blot .. rbatloll (lIIldulI Ui'iranrolll 
1910) . ru.hl, ad ... rbed pbo.pllor ... 11 .uc:h .or. "ucllalll .. bh" tMII ... t1'o'. 
pbo.pbor .. 1 III ledi-.utl (L.Io ad Lot .. 1f14). Lllu!vlH. pbo.pllat .. r.c ... tl, 
.orbed to ,.nlcul.t, .. url.h .ourllll the Cn.t Lata, U .... ou ,ota1l.chl 
bl1l10,lc11 .1,III(lc.ac. tbaa pllo.phor .. , locor,or"a4 lotll .llIerall or other 
rcir.ctor, partlch • • 

raOSPB01US AVAILABILITY TO AquATIC rLABtS 

to .. 1I41t1UM tb. 1. pact of pho'pbon, (lro. UUI'II&! or JoulMlll ..... rc .. ) 
oa • l.ke ICO"lt_ ..... 11.bl1It, of Co.poaillt pbo.phor~ coa,ouo4' to .~ ... tlc 
phau .... t be UQ4lratoo4. ,., fono of ·pllo.phor ... prulllt III (or added to) • 
l.ta c.a be cat'lorls.4 &t bel"1 I .. edl.tel, .... 11.101 •• pot,otl.11, .... 11.hle. 
or likel, WI.v.U.bb. the prla.clp.l l ono 01 pbo'pho" ... Covo to be dlrectl, 
.... U.bll to phat. is onllopho.phau (8oopt.t 1973) . 'otaoU.U, .... U.ble 
pbo.pbor .. a 1o ... , Joc! .. 4 •• lerl' lI .. lIar of co.po"",,,,h vMch cao ... coanrted to 
ortbopho,ph.t, and th .. , MCo.' ... all.b1. to pb,topl.akto.. . !hI. cat.,or, 
IIlC1vdll loor,.l11c cond .... ed pllo'ph.t". blocb_lcal 10"" of pboapboru.. tad 
othar .orllad or co.pl.,14 (0 ... ' of pbo'pbor", 10 tb. v.t.r . Pho,phat., 
ell_Ic.ll, lacorpor't.4 Illto bl,lI .01Ie .. l,r ",.I,bt co.pouod , .rl ,.rtl.ll1 
1 ... U.ble t o al, ... (.utl .Dd DoVOII \911) •• 0t .atlaIlJ .... U.bl. pb:I,phor~ 
cao .ppropriatelJ be. f .. nbu cat.,othed lata fo ........ n.bl ...... r abort 
,.rl0-4. (bDw:.·4.,.,) lAd fono. vb1cll ba.co.a .... n.ble o.u 10"" ,..rtod. 
(va.k.-.oath,) • 

Th. UbI, ....... allable pbolpbor ... eoapollfl4 •• re rclat1'o'.J.,. .boa4ut 10 
lake. b .. t Ite probabl, the h .. t ... 4."tood o( 'tb. , ........ call,ortll (llll1eaba ... 
1"'). A 10,lc.l 12pl,aacloa for thllr Ibva4aocl I. tbat che,. .r. tba r.,14 ... 1 
to.poVbd. l.ft .fter .Ore 1.bl11 coapovod •• r. r"0.14 froa thl v.ter or 
partlcul.t ... t.rt.l. Altho",h vir, flv for.. of pho.pbor,.. lD tbe l .. vlroOl.at 
CID be CaDl14lr_d ., tot.l1,. un .... II.bl. o .. er l ODl period. (,a.r.) •• 0.. for.. 
(I., • • petlt •• 04 ath.r .1Dlr.l,) .r. 11kel, uo ... all.bl, 4urtDl th.lr rl.14.ac. 
1a. 11k" (\11111 ... It 11. 1910. La •• t at. 1910). KGn th.o b.alf the 
pIIo'pbo,,,, tootflb .. t;d~o the Cr •• t Lata-; bJ trlb .. tarla. hi. be, .... tla.t.4 to 
be. uo .... n.bla for plaat ,rovch (C"hI pra .ad Soarolll1 1919). bt .. at 
1 .. &11.bl11t, 104 p.rtlcll rl. 14. nc. tl •• 1 10 thl v.tar .... t botb be cODI14ere4 
to corrlctl, ,.tla. t. potlatl.l blola,lt.l .... of partleul.t. pbolphllr .... 44.d 
to hk .. (Varboff .Dd IIoaffDIt 1979). 
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·"dlll"lUt, of or._1e ,bupbot'll. b IIOt _11 .. .ratoo4. for .... Uttaln.. 
or .1 .. oh .. for-. At l .. n a port1 .. of u.eU." ..... pboru 1, ~,,, 
eol-.vlar ""l.lIt or,_lt t_,.". 10 hka;. t ........... .,&ile,,1a fot .1Id .,ub. ht thl rlaa u"u.1tad for .rUhuloD 11 l ... .r tu.o. fot ortbopha •• uu 
(' •• rl .Dd Dova •• 1911). &aa,. • .ctl"lt, •• , .... r •• ,.oallll. for .. ll~ or •• aie 
.ho.,hor¥l .v.l1.b1. to ,h,to plaa~too (B.rba. !i!!' 1974. t •• rl .ad Dawn •• 
197.) . 

V.tlo ...... thod. to ",al ... t. ot .. ela.te • .,.UabUn, of ,artlelll.te 
pho.phorua to ." .... tlt ,lilt. ha.,a ...... r.t •• tl, r."t.wa4 (AraatroGJ .t .1. 
1979. LoI'lI at d . 1979. VU11_. at d . 19110, La. ae ,1. 19110). Al&d .... ,. 
(bu14 00 10«",;;14 al.al bt ..... n,iiTt1ll, fro. paruCiil.u ,ho'pho"" 
.. tUh.tloo) b.·,. baa" 4ualopad 114 .ull4.,dhad (USI.A 1971, 197.). 'flI ... 
•• tbo4, .r. aff.e el"l for •• tl •• tlat . bort-t.r. pot.oel.1 .,,&il.bllle, b .. t do 
DOt prov14a ega,l.ta 'o(or.attoo 00 act ... l av.il.blllt, 10 la~.. . S ... 
partl t ul.ta .. tarl.1 .,' .... r .. a.ed fr .. the ,~phot1e 100e .... for. pOtaotl.ll, 
.".ll.bl. pho'phot¥l 1. tala.aed (Vl11ilUl. !!!!. 19110) . Otb., ., t.rl.1 .. , 
4 •• reda .10vl, ( • •• . 101 •• r,.ale pho'phata. ) or .. , r ... lo .... ,..d .. 10 tba 
v.ta, for. 10GJ pariod (" 1. e1.,-.ir.d ,.rtle1a.) ,od .. , u1tta.t.l, ..... ora 
",1111b1a thao ,radletad (Ara.troq .!!!.!. 1979. L .... !!!!: 1910). 

Ch.-le.l astr.etloo t.ehD1qQ •• Q.iGJ dl1 .. ta . cid, ....... or e .. plas.tloo 
.. lQtloOl 0, 10' axehaat. r •• loa ba"a ba •• u.ad to .p,rotta.te blolo,lcl1 
."IU.bUlt, (Co ..... ad Le. 1976. ,lr .. troGJ It 11. 1919. Lo ... et 11 . 1979, 
II11U ... et al . 1910) . a.uiel1 ."hod. to .... u. pboepbor'" .VitIlbiUt, 
."It. of "CHait, . be .pirieal . 0tI. Kba. ( All ... ud 111111_. 1971) d.Uo .. 
aDlI-.patlte pho.phorua II that utnetd by dtut.-dltldollh bie.rbell." .od 
.,.tlt. pbo.,borQl II tbat ~tr.~tad fr ... edta •• t. vttb 411"te . ~14 (BCL or 
H2S0,) . D1lut •• e id r .. .., ••• or. pho.,hor ... frIO partlelll.t ... t.rl.l tbao dll 
11, •• (S.1.I:II.trlua e'prleorllutua) . p' •• u-.bl, bec.u., 1t .. tr.et. 1ID",.'l.bll 
phD.phor ... fr ... ,.tlta ~ otb.r al0.r.l. . .. ••• Dd .oioll .sehaQ&' 
.. tr.etlo.e 01 p.rti~ul.t' .. ,.rl.1 .,r •• eor. ~lo •• l, "lth blo •••• '. tb.o do 
.dd atraeUoOl ( Oo .... lI ... 4 La. 1976). It hli bllll propolld that 10100 
.scb.~. atr.etloo reDOY •• pholphorQl whieh i. r.adil, ",.11Ibl. t o or •• lli ... . 
vb.r ••• the .. 08 ,.tr.etioll 1 •• bett.r Illd lc.tor of thl aaata ... IUI OUllt of 
loor,ellie pbolphate wh1~b could be .ad •• ".11.11.1. if pho.pbo,,,. 1. ' .. ..,.d from 
ao1Qtloo (AraatroQ& It d . 1979). Othlt ",rutl (Lo, .... t d. 1979) eOlllld" 
pho.phor", a'ra~tadbi·'iaOB to repullot . hort-tar. ..... iI.hillt, .tId tbe toUI 
..... oUt, 'If pho'phor", 1I" ... lIttaU, .. tfleted b, .. 08 ,tid dtrlte-ditMoG",. 
blear'bo ... te to r'pnllllt th .. toul pho.pboru •• ".n.bll. .. .. d 00 ega"rholl 
of ch .. icd Itudi .. vttlt. blo .... ' nulu ( Co ... a .Dd La, 1916), .... 11.11.11 
,ho'pb.,e ...... tta.tld to be rouahl, ... ual ' 0 .01ub1. ra.cti"l pho.,lIor ... plu. 
ZO parc.lIt of t oul pho.phor ... for GUIt Lawe ttlb .. ur, ..,.Utl 
(La. !!.!!. Clprl~oruutua bl0 .... '1 00 .. dlaltltlf1 
.. t.rl.l, froo 1rll. tr1bQclril ••• 1:14 l.odlQ& b1Qff, 
iudl c.tad that C.1I110t be .. ttalled , u Qutd, b, ..... urill, 
total pholphor'" bQt 11 related to ..... aUU .. of horllll.1c OOG-Ipltiu 
,ho.,hor,,' io the pertle"l.tl •• ttar (Willi .... t .1. 1980) . Kat. of 
.v.l1.bilit, of tot.l pho.phor ... 111 Lake [ri, ciIbuc.r, va'I' h •• ba, lI la .. lo,4 
11., •••• urll1. blo10,i e.l ( .1,.1) .ccuaul.tloo 01 pho.phoru. froo t •• t v.ter. 
vi tll tl •• ov.r .'tladed (60-eO d.y.) ,.riod. (Vlrhoff and Ba ffn er 19'9). 
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rho.,bonal 11 .ad • ..,.ll.~le ~, , .. oe ..... tbat to~ert .. r ... ll.~l. fonD 
to orthoopl'lo.,haU or tbat tuupott ,ho.,ut. fro. _lL,htad .... 1_ tau 
,boto.yotb.tle IOfli . of le'llu. 5Mb.otD In 'Il00VII IllIb for phIIl,ttorv.. 
("" rtller ,941 ) • ...! ....... jor ..... noir of pho.,blt., 1II'Ileh ell pollotlally 
.... ado •• vdllhl. co or,IIU'" tbro .. h cll_leal, \11101011"1. 1lioii pb,.iul 
"oe..... . ..rtlev.l.t. aat.rl,l c .o r.l •••• pbo.pborYi Whil. l.ttl1 .. tbrolilb 
tbl "Iur eol ... o 1114 .fur rllcbilll tbe .. dIll10tl. 11 .. ur IIH/or ltoIt..OU 
.re ollnluted and l"fUel..,t Iroo 11 ,nllllt • • "trlt. lI,clrod4. ,11 for.. 1lioii 
lorbl 41.lolv.cI ,bol,hlle fro. .ol"tloo ancI th.reb, ,r~.ot. (or hlod.r.) 
,ho.,h.t. froo be t._i ... vall.bl. to orlaol .. , io the pbotol,.th.tlt. 100. 
(5,..r •• t .1 . 1'13). 

AlthOUCb It II t.OI&ool, ...... ed tbot oll, .... t.d IlellII'ot, .r. Itrictl, • 
,bol,hor lll lioll, .... nudl11 ( •• ,. Le. It 11 . Un) ."" .. t tut ,bol,hot .. 
taO be ... l .... d froo OIlYI.O.ud 114iatllt" Utho"lh tile roUI of n1 .... Ire 
Ilo ... r tuo for rldllc.d I1d1.lo11iti. pbo'phorll' eootributlo .. fro. OlI71.o.ated 
.141.1010CI e.o potilltl.ll, be ,,,blt.otl.l • ...! ,hov.l4 be coo.icl.rld i. 
e_,rob.oliv •• od.lI of ,bo" l\or\l1 .,....ICI •• roc ..... tMt call _ll. 
pbo;>.,bon ... vllll'lll. froo ,db.ou loehd. blololtel1, ch_tUil. IDIII ,h,.l1cl1 
""."......... J1010,lcol n,lou.tloo of pba.,"'t .. Ir .. led1.o'0U II,. Motbic 
•• cro-or, .. I .... ud .Ierobe, 'pp4.rl t o be 10 1.oportlot .. euot .. to r.tora 
Plftlc "lIt. pholphor ... to .. .atlr to dtllohld fon .od 11 .1-.:" .lIeI h Chlpur 
VI . Chaalcll d""III" io ndol pouotbl c ..... pbo.phatll to be rll ..... Wh.., 
•• tal puc1plutll .1110h. CI\l.I11& iocru .. 4 pbo'pu" 1 ... 11. 10 po ..... .atll 
104 io bypolbll.tle vlter" 'h,.liell .111", of tb. \lpper ·11,. .... of tb. 
I ldio.oto r"v.lt, lD t ..... port of ,ho.pbar".-dcb pon v.ter vtth b,.pollllonlc 
... tar to photolruth.tlc &00.,.. S.dola.,ot uteriel cootdaiOC ucuOC&lbh 
, bo.phono ... , .ho be .ued. vith bott .. v.ur to fora. • oapbdoi. 1.0,.11 
«(bUbefl .114 !.ad1. 1980) wich Call be •• MIl of pholphaU u ..... pon wall 
traDlported to photo'TOttlatic . 011... '.,Il.btlit, of .. ,hlloid pbo.pbor\l.l 
abov.ld be Itlldohd 10 .udl: prelial ... " r .. lIlta b, the 11108 .. u.ctioo 
tacbolque froa ..... thll .. t.tII t.I"ka Kiehl, .. lodiuta tMt 2o-~1 of tbe totd • 
10 the lI.ph.told la,llr bee .... aVlilablll. Quaotic.tl.lll, tbtl II appro&!aatll, 
"'1.\111 to tb., t oul pho.phoru.a pool 10 tb. "Iur col_II (!ed.1I, • • J., 
uapublbbed dota) • .unr phDlpho!"\I.I 11 tUlllfertld hoa ,adia.au lato 
b,pollaoecte ... tln. other ph,.llcal proc ..... (.,rl", "art"n, _ttoa e llrflilt 
. ov ..... t. 1114 vt...!-lll.h",ad .. pvall1,.. ...... ) Uti _. ponotb11,. •• lilabla 
pbo.phor ... hto ,hOto'TOtbetlc &0." ( •• ,. Mortiolf 1969, St ... fhr .ad tA. 
1913). Th ... proc ...... bov.ld be tborOll&bl, nudlld to .1IhIac.. Ulul.ntatl.tl.ll11 
of GUIt Lilt .. ollal.at dJUll1c •• 

MDddhl ulldi .. (5c •• 1& 1919) aod othll IOgrk (ct. Btloper 1913) be.a 
....... Uel th.t .u.ch of tbe IIt Ulud pbo.phoru.a 111 tall .. 11 .ad •• nU.bl. to 
ph,topllUllr.tOIl thro",h re •• o.rotloo proc...... It uo be ' .. IO .. bl, 
h,poth.,l&.d th.t .ucb of thl phDlphor ... I. r'pldl, •• t"roed to tbe 
orthopho'phau ( or o ther ... nabh) fora. throlllh ncntioo or dlltb of .q .... tic 
or,lo1 .... Bloch_leal proe .. u .a .n lIbl, prial.rU, ulpoaatble for 
coo •• tth. or,lai..-d.rlv" pho.phor ... cOllpo .... d. back to o rthopholph.u . 
Zoopl""'ktoo r,l,a,. olthopho.phlte a. port o f tbeir IIOn.t .It.bolt •• {Mlr.h.ll 
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... Orr USS, Ii.l ... IM1, heno, at d. 1"', Ior1 ...... Ihba. 1"'). 
Autol,.tie __ ,. .... , c.o ... n o'f,o.re iO-raa of ,..~ to ort1lDP'ooo.tlau 
"" •• ot.OAt.o .1. . al.b __ t.,. fOR. of .bo •• tlau 11 IhUa; Ot,aal •• ( •••• 
.no) .ro DOt u."la for 10" ,.r10" (ala",t •• ) .tur tlw .r •• I&1_ 41 •• 
( o.r1ltloo at .1. UH). J'byto.laolr.too ,ro'lIC. utrudllllar .... ,. •• 
(,bo.,hata.;;YVbldr. c.u tree OtttDpholphat. Ir .. O'flule. ,buplr.orv.o e_po ..... 
(' .. rl .ad. Dow .. U1I). StabUlt, of 41 .. oh .. ot,we. e .. po ..... to .ol,..Ue 
'oe .. polit1" <;0",14 ....... Jot lee tor r .. Il1.Uq Ind. 01 or,aA1t ,bol.horv.o 
I.I:r. l,.o b ora tor • 

•• ctoU &lr.:1q ?bol,hor", Oo •• a.11&blo to 01".001.1 

Av.l1.bl. ,bo"borua 10 l.b ',It ... cao ba eoRtlrt" 10to foro. ¥hle.h .'f' 
.... "o11&bl. to ,h,to,l.olr.too b, 1) ph,.lc.l-e~leol 'rOC ..... 1 ¥hletr. r_o •• 
,hoaphor ... fr ... ohtlo ... od/ot traDder it ft_ photo.,.,..tIllUc ' 0.... .... 2) 
bl010.1c.l 'roc ...... ¥hieh coovert "tllh .... ,boo,horlll hto rafuctor, 
( ....... van.bla) 410.01'1'' ' o r partle",late for... ?ttieal.t ... ,.rlal vbieh do .. 
IIOt '.,u.!i. will IIltt..ul, be trall.ported iIlto the ."buu '" HuUlII. or 
o .... t of tt>- hu vith o .... tflowlq •• ur . .... fuctor' ,1Io,pbon ... h '1100h.4 or 
eol101dol or,ool e. c_poun' ... , bae ... locorpor.," totO ,.ttlclilat ... t.r1.1 
b, lo",illl aura •• t.a or '" .orbllll to .ntlc .... ht ... lIeh u c.l.a,. ... . lIaor •• ll1c 
.r.el,H., .. . or or,OAte panlel... b.aJ.1l1111 'Inoh" uluetor,. •• totlal 
will 0 0". vlth tho w.ur eou.n.U.d,.. The rohth. ,,,",otlt, of o'f,.o.1c 
pho.pbor ..... 10 lab. vbJ.ch 11 refrac tor, o".r the U •• eed. of . ooth. or 
•••• ou 11 IIOt Iur.oVII, pr!.o.dl, bee ..... the c_pooUi ..... rdath. at.bUlt, 
of c_po •• Ot COllPO""" .n oot .... OWl. AlIO \IlIlu:IOWl .u th. ",lau •• fWl c tiolU 
of ,laote •• 01aal., .Dd .le. r obe. 10 fORI", refuctory eoopoll:lld. (Ioope, 191]) . 
U t .. roover la DOt r.pi. f o r ..... or,ooie .at.rlah, phD'pbor", io tb. ••• 
...... tooc ..... "ld be ........ ,ed la tI •• 001>"11'1"111 ff.CU ... ""t co .. ld bee •• 
.... aJ.lIbla hut for phytoplaolr.too "'I.. S","ot ... e. .. oob.lcb n. ',pidb dI.c_po." 
... uld oot ... p, ... ot 1 .... ...... ubl. ' .... ot1tle •• "CI,t for c.tutropb1e occao1oo. 
( •• I· d.atb of .0 all" bl_; c:.ar401f .ad Le. 191)) ¥bleb ad. hrl ... ouou of 
tb. ... e_powul. OVir .bort tiA. period.. Or,.ole for .. of pho.pbor ..... tho ... ht 
t o 111 at la •• t part1oU,. •• v.n ... la 0"'" 10"" « _tu) pa'lod. i00:1t.1111.. 10 •• 
lao.lto l pbo.phat •• , • • , . ph,tle. . ct.; EI •• of.teb ADd ~.t'OIl' 1917) ODd hl.h 
.ol.ellla-r Vlt.be lbalc .. uri.h (.h ....... ~ 1919 ). Speel.tl" of phoopborv.o 
c_poo.ou o f h.a1.c ad tll.hlc .. urtal. 10 1£k.u ... tulr .blUt, to .RbaQa. 
,b,upborua ha .... aot .... 0 c.anfllll, ,," .. ti,.ud (1" •• oII .. y:a 1979>. 

StnOUolt AIlD UC~TtOllS 

Th. Uo,.'ftollCl of e._po .. ot pho'pbor", COllpo ...... t o • phG.,bo'",-lUolt.4 
l.ke or.t •• 1. 4.t.rolllt!d b, thalr cooc.otr.tIOD , c~ .. lcIl foro, ".11.bllltr 
to or.oo" •• , ODd r .. U ... c. t t.. 10 photo.:rothatJe _00." Pho.pbo'fo ... occ ur. 
( II pho.phau) to dll10h.d, panlCIIllu, .ad e.ollol'.l c_pooaou of IIlr.e 
e.coly.teml . Dl.001 ... fona. l oc lude orthopbo.phat., coodeaald loor .... ie 
pho.phI.tu , lad d iliohed or •• lI.1e phol ph. tu . ranlecllu .ltar1ot c.o 
.'fbttnrll, be 'hlded 10to 1hl111 .od Doo- 1hl"l loro. cootaid", 1) "'t\lull, 
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leeo,,..,.,,, fbol,be., ..... 2) 011'''-' ""0' 1001.1,. "'-' ,,,.,ut ... 
eoU.Utl l~'a'a.1c ., "aule ,.. .... c •• 1M,. .. bo,.n .. , , ...... ""'. 
C1tU", u ltlla •• 1t1at fr. _, ... 11 .. U.... Ora_ie .... ,.., .. i. 1aU -c., 
ilKl .... l.dc.l .... pbt, ..... ddc teU ••• Kl •• tl4u .... 1Male: IMto,Ul'1 
tlMo c_,.d,l •• of .t'lte, ',..Mie: ..... plIon. O/;_,.o.ou 11 _d.u. I1te • 
• nho,ho.,NoU h the oal,. f.ra 1uoo_ to" .... n.bolo to ,hOll, ottln lorw.t of 
,hu,horIY ,n._.bol, .... t ... c ... . u_ to onhopbl.,Nou to effect ~lololi"l 
',..-lCi. 

ftIo.,h.au l ... h 111 lalla. c.D k .'heted dlnctl,. ~, coo,lnltloll ... 
prod,ltotlol1 rnetl_. bllt "r,Uoo u4 bi«b._lcal ,uctloa. ',po.r to .. 
tho ... t laport.llt cho.lc.l f.ccor. cootfoillac pho'phor .... ,.. .. Ic • • 
n.o'phofu <10 •• oot DOr.oll, ,,!Id.rlo rooloz O/;ha..,.o h .... ,,,11'" btat IU for. .Ild 
cooc .otr.tloll III .,.t.r '11" oft'lI coot roll.", 110, .. r,tloo to (or 11'.1 •••• fro.) 
co11014al or ,.rtlc"l.ee •• tal h,"'rolll'" vh.1eh for. or H .. oh. as 0 futlCUoll 
of redoz pot,"ti.l . 'ho.,horu 1. th"l r .... ~ froo .. lotl00 u.'.r 0SYI.a.t.d 
coDdlllo", aod .hlohed loto .ohtl" IIoCIdn n"'..c:.d co_IUo.... Cla, 
,.reic1 ••• ClCO) ,r.tlplt.t •• , aDd collOidal or partle"l.,. or,&alc .. t.rlol, 
.Uoet laka v.ur phol,hor"l h.,.11 by OOfplt_ .1lIS ' .. or,tIOli. 

Do,orl", . _or .ttoUUettloll , bl010aleal ",uu 110, ph,.to,luklOO 11 , 
,rboar, f.clor eOlltfolllac orthopbolphot. 1 ... 1, io pho'phof".· lt-it ••• "photle 
1000. . l1ochulc.ooll, .cc ... lI1.u' pho.phu. 11 nNn"" to tho VIlU 110, 
Oller.tloo (110, loo,1811ktoo 0" otb.r .ot-al.), o"tolytlc 11'.1 ••••• ft.r 'uth of 
orl ... h •• , alld (poullol,.) .. I. r .. lI1t of . 6'lra4atloll of DOlt- lhlq orl.lI1c 
.aurial. . l1ochu.leal roaetlou IIMe b ru"lt 10 tb. f onollioll of ,ho.,horu. 
coopoUft" r •• l.t.ot to '.e_po.ltloo .r. pot.lltl.l .. eholll ... for &llIq 
,holphor" ...... valhbh to J..u Viler. 'nil ... lllbIUt, of ,ho.pboru 111 
1I0111hl11.& ora ... lc 41 .. oh~ .Ild partleul.u .. tulll 11 IIOt .,..11 lr..ooVII, III part 
bouu .. tb. cOllpodt11111 of 'ho.plloro".-.:ootailll .... or,a1l1c .. urhl 111 lIu 
v.tar hl, GOt bOI;n vlll •• fllle'. 11010atcll .ethod. (bill"" 011 ,roWlh of dale 
111 pho.phorul-lt.I~" .:lI1t"r .. ) """ cb.I.:1l UtUCt11111 .. thoel., ""leb b40 .. 
bo.D .. pITlc.ll, correl.tod vith dial aroveh. h ... b1111 III"" \0 .. tt-.tt 
.... n.bIUt' of pho.pha," ... oeht"" vlth particlilit ... urill •• 

S""1a'IIt1 I" laporullt data for pholphoru la lib .yn •• , 'Io"t elll .110 
bo • lOurc. of orthopho.phatl to ,boto.Yllthetic 10llel If c h_leol, Uoloal':ll, 
&Dd plo,liell co,,41tlool lIbonu otthopho'phau (Of otb.r ."dllb1l ,bo'phorUl 
cOllpo •• a,h) &Dd tnufer It to tb •• ,Ut-1I100. ?ho.phor". cb.lltr, la 
... t-Iau &Dd l over bJpolt-lI.ltlc v.Urt '1fhn frOll thle 1& ."rlac. vlun 
boc ..... ,:olle 'lItrltloOi of .:h.lc.l, .1Id partle"l.t. OIt.rlll •• r. htah.r .ad 
rodol pouott.l1 an ,.I1".11y 10_r III. [h ... fI,loOl tuo 111 .pUlallltlc 10Dl •• 

?roc ••••• c Olitrolll .... lat.fII.Il pho.phorll", Cyc1tlll I ".t b- tl.rllt.d .Dd 
q""Uft •• t o proplrll' d.ur.1D. IfhO/; tI o f ch'acl.., tb. 1 ... 11 UUot 
cOOpo.ltloD. of pholphorlll fr_ .,un,..l IO~C". .. coopt.h.oth • 
.... <I.nt.DdillS of pholphor .... ,,"'tlc cb_Inr, to 1.k .. 11 .. e"""" to .cc"r.ul,. 
pr"lct blo l ol lcll eff.ct. of .. "' .. pho.phorua. Til """'.rtt.1Id phol,horUi 
'1l'_le. la tbe Grllt wku. tbe c .. poIiU" .lId c,cUq fun o f .Ijor 
C_poII.ot c_po .... d. IUlt l>& 'ef11l"" . Specific C_POIID" o r aro"p' tOlltl1olq 
pho.phor" •• ho"l' be idilltifl •• lad their It.blllt,. alld fll1X r.t •• lho"l<l b. 
",.t.rolo.d. qu'lIti t" coo,ol l t loo •• lId pot'Dtial Iv.ll.bll1t, of pho.phor", 
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coapD_' _uri .. u.. ~. rroa ..... Uc .... taoepberic _ca •• lIDul. '" 
..,alllat". eo rUt u .. _at .. tboo" caa. ... "1.&_ tI r_. pbo'pbo .. \101 
_pD_' _ldt. _Ill .... ". U •• 1 .... Ult lapeer .. LaM UIC.I. ""J.lcal. 
~lolOllcll .... clM&1ctl 'roc ..... t"pDui~lt rot tlt--.1 .. pou.tlallJ 
• .,tJ.ltble bJpoll8lllltic aAd • ..t18_, ,bol,lIor .. to • ....,_tlC 100011 .haul. '" 
,u..lIJtIUd IIIWI c.l'lrlll to thlt fr_ utt ..... l 'bo.pbot .... eolll'c.... nu, 
lDfoTanlol!. b te,lIlr'" to cleunlu -nl.the .Hull of '1111-=1", pho.'bor .... 
laputt to the lab 1, lt_ . 
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n., .:.~1l1l' !If .nurt'llu thto""h the It.tcutial .:.oePOUI\t of .q ... U.:. food 
v,b 1& poDrly "lId,n[oo4. n.h luk of ",lIdultndiq nO '- .ttritlOn", 111 
,.rt, to the vld. "arl"y 01 •• ubol1.:. • .:.tt"lti ...... 80dnad vlth H.:.tarh. 
n. ••• pro.:. ••••• 111.:.I...6e: d • .:.oe po.ltioll, .111.rlll'ltlOG, re.lolr.lia.tlO11, 
~.tlrotrophit .. pt.ke. lI"'trl'lIt ul ..... Ind nutfiellt .. puh ( 'url 191', ra ... t 
.nd C.orrell 1916, ~Fetu •• t . 1. 191a, k.all, 1916 ) . Such bro.d d .. ulptllfl 
of , lt r ob1l1 Ictlvity , .. ttlr-fro. hl"ln, '1&,'" ddiflltloDJ Vhich funher 
ob • .:. .. r. the tr ... roh of b.e t.rl1 111 thl 1\I .. ltlc III .. lro,..nt. The p"'po •• of 
thl' ch.pt., 11 to pre,ellt • ,."llw of nutrilllt ,ycline 10 'q"ltl.:. It.t.:.t.rl. Ind 
,gOIlItr.ttt ",her. fulldUl.ntd dlUct.ncltl la ll1for.aelol1 11. . hUf.:. .. ht 
.phul , vl11 b. placed on the .:.yd ln, of pholphor ... la h .. h VltU,. 

Thl cOllflllloll of IIdn, ." 1Iaprtcl .. tu,. to d .. .:.tibt • partlcuhr ptll':'.11 
till ba panlally avolded by ".1", the d.ph .:.on':'lptllll .od.l of "'udatl 
et a1. (1974). Tht . ,0d,l, .ho ..... ifI Fi, .. ra 1, ldlntff1n the 1DPOfUnt 
htrtnt pathv"ya of the pho.phor ... .:.yd' til baeurh. n.1 . 0.11 01.01 OOt be 
r. ' trl.:.,.d to tbe .:.yc11n& of pho,phoru, ,. It I1111Itr'te. thl pathvay. 01 .Olt 
dgl!GtI loport"lIt I" bacurtal • • tabolh.. For t hl ,..rpo ... o f thh .:.hapur. 
oovnlllt 01 deooellu fr .. vaclr to ,urpl ... pool .,i. rl vUl ba .:.allad IIIIUhllt 
IIpt" .... ; thi ... puke .:.." 111'101'01 aft""r o r,,,,lc o r bllr,lal.:. .:._poundl . 
KO"£Ilnc IIf 11 .. eot. froe b • .:.clrlal1 y bolllld pool or l .. rpll11 pool to vlt.r .,la 
r 4 ."d r2 vill "IHt .:.alled lIutri.at nl .... , Vhl.:.h.:.", dll4 b. or,eQ1c or 
1IIor,.nl.:. .:. .. poUcdl. Cul1l11 of bacteri. iocl"d .. oO~_lnt ftoe IlIrplll$ pool 
or bound pool to protO&OIIl pool vh r7 .ad r9. P"thva,. t8 ( ral .... by 
,rlutl) lod r6 nd r5 (.o"alnt frOCI v.tet to the '.tritlll pool) au dllc","ad 
In othar chapt.rs. 

NUTklENT UPTAXI. 

Uptlke of or,anl.:. COCIPOlladl ( .. il pathv,y fl ) by bact.ril il DOe of the 
. Olt coaaoa •• ,."r •• eot •• ,,01. In Iqua t'.:. .ictoblolo". Th.l1 prOC'.1 h •• led to 
che d'.llo psellt of •• ~.tal tl .:. holq ll.' vh.re dl.aol .. ed ,,,dioi.oto,. tf • .:..r. Ite 
-f.d " to bae tlrl1 a"d "pc.kl r.t •••••• ur.d. Inltlilly be,UII by 'arloll, "".I 
Strl .:. khlld ( 1962 ) , ud raHo.d by IIrl,ht ud Hobble (1 966), thl •• athod h", 
b.ln 1I •• d ex ten, I •• 1y 111 . o.t typ •• IIf Iq""tit en~lroom'lIt. vl th " l.r,. 
vlrilty o f or"ol.:. ,,,b'tr"t •• (Allin 1969, 1roVII It II. 1978, Crawlllrd It .1. 
1974 , il.a.llton loud PUllan 1970, VIC':'I[O and Jan";;ch1966, "rland It .1.-
1970). Th. nU concl ll110 11 froo th .. e uplrt.lntl 11 that b,.:.urla Ire caplble 
ef .. tl1111 ol a v"riety o f or,lnl.:. ."blt t lta, It rel"tl~ely lov cOII.:..ntrltloll. 
(10-8 to 10- 10 K). Althou,h IIpukl hll been .enured III .atly "q ... t1C 
tOVl rOIlll11ltS, ' .:.oost.,.ot plttlrD. hi. !lOt baen f o ...... d. The "ltllb111ty 111 
reportl' IIpCltl rate. of dlff.rent or,11I1.:. ':' OCIpoUlld. tDdl ':''''e. th.t aoy 011. 
enl.I" of upt"ke rata .IY !lOt b. rlpteuntlth. of I la r ,. lI ... b.r 0 1 Iq .. "t1.:. 
IIIVlroNlllH'; thl hUlroa. lllo", dhtrlbutton of aquaet, baclIri. rlqulre, .orl 
rlilinee 011 ,.pl rl ':'ll r . ... lt. r l thtr thlll on .,tl.,cld rltt' (Jon. , 197' ). 

Th. H.-Hed .. sahlneu of the .... urun t o f bacurhl .. ptllr.t of or~llIl c 

.:. OOIpolltld •• tt"', la part, ftoe probl"" .. lth tlcholq,," . Thl 1oIrl,ht and Hobbit 
(1966) • • thod req .. lre. the ...... ptloo. that IIpr,te of • hl,h ,:,o ll':' ,lItr.tlon 
: rll lttvl to OIt .. r,l concentr.tlonl) of o r,lol .:. subatr,te II 1I01foril O~er 
tevlrll ho .. rl ( durltioo of thl . Kplrt.lo t ) Ind that It fo lio .. . ,t.pl •• nl~e 
LI II.ti cI, Conte.por.ry thlnklna (1111111.' 197), AI" • • ad Rale-aln •• n 1973) 
41, co"lIt. the po.,lbi11ty the,e I •• umpt ion. CIon be .et In I he t lroienoul 
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""'tvul 1 .. ,,;u,lal ~_un 1t,. , Wellh, Ir>d IIobble', tethtlt~ ... " .. ~04Uled (0 
loo:l"e a ,,",,{rat t oo conentoQ ( .. bbb llId Cn..rod I"'). Mon nClIlt 
ae,hod. f'VOI lhof t 10,wbatloo ,.rll1d, with lublttate COQeeotrltloo, .It,. c loal 
to nltutll hull (WilU .. I 1913, U .. llId iola·Rlnllo 191) lod allO hlCludl I 
, .. ,lnHoo corfiCtlon (Diet z lod Alb'I,ht 191a). 

Thl distinction bet .. een thl "' .. aethod (Dhn Ind ,ubrt,ht 197a) lod the 
'oI,!,ht Ind Hobble (1966) .ethad 11 thlt In the 1'1'" .. thod trl,lol Uu:o: 11 
.. taand .. hilt the Ilrtlht Ind Ilobbh (1"6 ) tl,holqu. ooly 1I .. "r .. ,roil 
" ,uu of t he ,,,bunn at belt. Thl ,roil "ptab 11 "s ... n,. nportld t .. tenl 
of turoovlt tiA .. ""'I,h hlv, Httll e,olo,l, al ..... 1..... r"fQover tl.ou UI 
001,. valid v..en the rate of substrate "ptaitl don IIOt chanae thro",hout the 
eotl" turnov.r tlat peri od. "ca ..... IIIY t"rooy .. r ttlln .u ,ev lral d. ,.. t n 
lIn,th, it Is ",,1Iit111 th.t "pta .... rat .. rea.to. ~onltnt for the t"rIlO." t l .e 
period ('oIilUam. 197 ) . The ... ", '''hod " .. , IIIt"ul h",l1 of I"bltut .. Illd 
,tvll ra,,,lts . U(.h clour to [rllOt eeolo,leal fl"" .. and .ho produe ... ou 
u,roducible , .. "1,, ( Arlit .1Id lIola-llIo" .. 1973). 

lrre,pectlva o f .. hl,h ,.,hnlq"l I. "'ed, tht .volutloo of the •••• ur .. ellt 
IIf o"trhnt uptak. by baenrb .. Ill cootln~. Thl' evollatloll of the 
.... un •• llt of o r, ... I, .. ,t ..... by bac tert. h .. Ilo"ed ,to,re .. 111 IIDd.rstilldlll, 
t he tr" ••• ubolte .e thlty of .q .... Uc bactttla. l.eb dtfhnot techolq .. e 
ptovtd.s • dlfhuDt .. Ua.U of bactlflal III1U1tllt IIptau which II IIOt 
lI.c .. I.r11y c .... '.rabl. to ,revioul lua"e •. r or 110", the ooly cOClel"llon 
cOllc tr"llI, ",tau it that ... robl, bactnl. do take lip •• arllty ot or, '1I1e 
.ub.t.n, •• at 10'" eonce"tratto"l tn .ith.r the d.rk Ot 11,ht. 

The "puke of ioor,anlc c .... "" ..... dl b,. b&tUrli alll1 b ... belli a,ullnd 
( ' u rl lad Lun 1916, !th .. 1912, E'hU11,. 19610). Th. uper1ll.oul errora 
lIIvolved 111 th •• u,ur ... ent of l oot,.nle upt ..... exc.ed tllo .. vlth or,.nle 
"ptl\l.e. r or 1111"0<:', lnor,aole P "ptake I, of tell .nluted a. ~.01Ilb1e 
pho.,h.,e" ""'leh 11 .n h,fld ... ,h.alcal ductl,tor. A •• jol difficulty h 
. ... url'" l .. ot ,'lIte ,ho.,harlll u,tlite t. the rapid r ate IIf upt ..... IU turoo ... r 
and cOlpet1tloo \let .... n b.cterl •• U Il,le f or the .... t •• o"ree; th" • 
.. ,.r1ll.nt. ",h.r. l2p or )l, ar. added to ftltllr.l po~l.tloll' ~}' \Ie dlfflClllt 
to Int.r,rlt \leuu ... of illtllIptclHe lI,tak •. Patti &114 Wan (976 ) .lId th •• 
(1912) d.llollstraud r elatively lI,ld .o~ ... ent of Inor,lIIlc Pinto baeurla 
follow.d by tlo ... t a ovellent ill[o diU. Stsllar to thl ",tak, of o r" 1I1c 
c .... poWlds. bacteria .n c.pablt of uklEll u, tllor"lIle , ' .... pound •• t .uy 10'" 
cooCtlltrltioU ( th .. 1972 ) . 

' .ct.rla unqll. stl onab1,. "tl11za or,&IIlc I"b.tratt. for lIet.bolt .. (tolel1 
1946 ) . Tha ... M,h-Io.r,,. '''poWld, are the prtllar), source of ellet,,. for 
hlterotro,hlc 01".01, •• • 00 the othat halld, the u,tau of 100r,,"le ~ ... po .... d. 
by bacteria 11 not r"ll,. ullderstood. " .... abl,. bectub lIO"ld oflly tau "' 
tnorianlc . to bahn" thllr C-:i-E' rlt t ol . Tit the ",tau of llIOr,ulet b,. 
tho •• org.nl .... " hlc h .n .u,,,,, .. dly "d,,"pollu" ..... III COnl lltnt. lIould 
b.e ttti •• ttl"pt to t.k, lip the .&le ' .... pound. they '1" r.ll •• 1n& b.ek to thl 
"' Iter? thll plf.doll, .naloao", to the ut"cellullr relt .. e ."hani ... In 
~hyto,llll\l.tOIl, 11111 r.q"lte c.r.f"l .nlly. l. \leforl •• tisf.ct o r y eOllcl",lolI' 
Call be r •• ,hed. 

" 



III.Itllut ULUn 

Tht: nhne o f ftutrlllltl b7 be.~tul. (.,ta pcth"'.7' r2 .1Id. r4) 'II eltbe.r 
ot,anl~ Ot Il1or,.1I1c fo ... h the .... lice of III~roblal 'ecoepodtloll. let thtl 
wcty IlIporUM proce .. hn lMell dittlcult t o ~u.aIl.tHy . lactarhl nthll' h 
Inf l ..... cael by te"per.ture, a. a1hbll l ty of . ub.trat., . Dd chaled coepo,ltlo l1 
of the . ubltt.tt (De Pinto Ind Verhoff 1977, 'ote, I nd latrov 1'70). JOII" 
(1 9721) '.~on.tr~t,d the r.l.tloo.hl p b't~ .n lenelCent Il,at .Dd bacterl.1 
bl,.,...; • raptd III~u." I .. the _Ullt of dle.,!", al,al celli 111 tbe v.ur 
col .. n , . tKh •• when. ph,tophftkton bl_ d.d ln •• , if ....... U, fo11o ... eI b, an 
Iftc re •• e 111 bacterial bloe .... 

De.pIU larl .... rtabllity 1ft 41Coepnl1t1I1D raul. ,000e puU.lur, .. ti­
•• ta. Df i llot,anle r.ll ••• b, bac t, rl.1 •• t . bol l .. h .... 1M ... lI.eI.. 'Ield 
e.t1.ate. of , turoo ... r ~.e Nen p.rtlcularl , I Il.CeUf.te 111 that liber. t ld , 
ii rapidl, u-ua.d a nel unl, •• asurt<! ...... U.bl • • ol .. blc P. r..1u. (197) .nd 
Charlton ( 1975) uthat.d tha t ... t.r col .. n , vu " e,c lccl ftoe 10 t o 34 t1~11 
durl", one Irovlll, .... OD. faU on and Brock (\919, \980) ha .... IIt1lllottd th.t 
60-70 % o f t he o r"lIle . atter fr oe ell • • ,11I& ph,toplallkton v .. dlcoepoacd iD thl 
v.ttr cot.a " . priaarll, 1n the .ptliailioll. Th .... tudl n t!ld1c .ted that 'l'U, 
Iitti. pho.phorul v •• r .tur a.4 to the v.ter colucft froe .1I •• robl e IMnthle 
r.l •••••• , thesl lake. v.r. hi,hl, It'at1flad allel h.eI 11ttla 'I'.rtle.l .lz1na . 
'" ldeftt 1" t hl. Ic tl .. " rac)'C lln, of , 1ft the "'aur cohan v .. a COa..~uaDCe of 
looplankton ."cntloft .nd l eth. nl .... froe ~ctcr1a1 dec oepotlt1oill of 
dettltu • . 

Mor ••• ae t rat •• of , ral •••• b, bact.rla ara a ... l1.bl, frOll labor.tory 
'tudln. Golun-Io ( 1973 ) found t~t 70-801 o f thl or,.nie , nh.nd b, al , al 
lutol,,,, .... cOft".ned to h o r,anlc tonos \t1thln I fe .. day. . Deplnto.1I<I 
Verhoff (917) conduc td I ttudy of the tllltn,utioo of , aa.! " In Quie al,al 
e"lturu .nd bactul.-al i u edturn. The, fOlU'lei the' reha .. d IS toor,.n i e: 
'1I1ubh n.ethlt pholphoru . .. a ... cry dow ",h.ft thlt .... Ait cultur .. v.n pl.eed 
In thlt dirk. On the ot ha r haod. the ~ct.'l.-.l, •• ad2tu,. , liberltad up t o 
7~% of the totll , pool afur ..... nl ",.aka . Thl rata of n""uUoll of the 
lolubla P .... a f\/.Gc Uon ell the 1nithl , e Ollpo.1tloo of the al,u ; '-Iaited 
.liae pr odue.d r . , .ftl,atlon r.te. of 0.06-0.08 ~ i PI .. Il,a, ( dr, ~l,ht)!4.y. 
libil •• 1, •• i r owtftl 10 '·rlt h lIedi. pr oduced rllen, ra t i aa r.t •• of 0.16-0. 39 ~ , 

' / 11, al, .. (elr , .. d,ht) / d.y. DtPillto .ftd V.rhoU (1971) . tued t!>at uu .. 
c.U \I.I a r , 11 .tared ia atlU 11'1 .0 Inor,.nlc tt.tIt. This wo uld uphift t he 
tuc n hl,h.r P ,."n. r .tlon r. t •• trOll .1, •• ill a P·rleh eft" lroOD.at . 
Therefor • • b.'tetlll er a pl a .. oehtee! vith lIr,. P·rleh al, .. c_itl .. would 
likely ba &<Iapted to hi,lI l ... els of inor,allie P whilt McUria ... odatt<! rith 
P-I LGlt .4 .1,a' vo .. leI !>a'l'1t .10 ... ' ,e,.netatloo '.tet ,a.! .... .or. at,.lIJc 
~OCIpo"lUI. fo r their , lO~re" 

The reI •••• of autrl.ats uftd.r aft.erob!c .od •• rllble tOll41tloo. I, 
.nti r ely dlff.reftt. 1ft t he .bnnce of oaY,.II , olll, Uel"CN eoapollDd •• uc h a, 
•• th.o. or hydro"a sul fid e c.1I be r.l •• sed (le n..n 1971) . AD.trabl e 
~.taboll~ 1. ,,,trea.l, 1.portlot In the sedl~.nts Illd at the .ldlaent-"Itlr 
Interface of sOlie laku (Wetul 1975) . lut . for .Olt lakes ,ad tbe oeu". t~ .• 
• otir. " at., coldlln I, os".nated, coftf 1nlo1 In •• robic nutrl.at rei •••• to • 
... aU portion of t he _ttl bod,. 

Altho uih th. rate of outrient r".oltrlttoo b, bacteria 1. ,.lati".l, 
poor ly qu.ntified, I~e .ffo r t ha. ,one Iftto tncorporltln, t hi. ttr. (or 
f unctioll ) in t o a<l,.at 1 ~ .co.,ate ... 04.11. l lI1t1l11y, tilt sbpl. Hrn-order 
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... pp'" ".tU col_II. Tho .. ",etub "Meh .tuci< .t.u),illl 11 ... C'II b ..... In 
1.,.et 011 the e.po.HioQ of the d'trlU' IItt11111 Ollt of the ".t.t col".... 
'or .... ph. 11 \I.curb 40 .... t uka lip evar)' .h_aIIt ( •.•• ,UlcolI), '0-. "111 
H flc)'cld .t 'nt)' alo" rates • ..tIlh oth .... ( •.•• Po ., or e) "ill "' 
t'~ln.tIt14 • ...:.1'1 f •• t.t. 

Gl.Ul~ 0)' .... ctnu 

A:D lapoTt.llt p.tll"., (r7 1,,4 r9) for the ,0UII'Ot of nllHl.IIU tbro",h the 
.q ... Ut 1""iro""'I"t I ..... ,1'" of "'curia ("'u4au !!. .!.!: 1974). 
'ectlt1opIl,nlo.ton In ra,14ly ,rand by •• U tiU.tld protolo.ns. "blcb h. t ... n!. 

Ira fndil), co",", .. d by n.ll loopl."lo.lOQ ( e . , . rotllln ) . The ecolo.leal 
lII,llculoQI of the ,n&11l1 of b.c tttlo planlo.lOlI h.". 11<1 .u .. ( peuolld 
c_lIunlc.cioQ) to pou",htt In Intln blttrotropblt food vab. 111 tbls 1[lhrio 
ba[tlfloplanlo.ton readily .... rY!". 011 DOH fr_ tbe l.tclclll ... l.r r.l •••• ,lid 
ly.l. of d)'In.. d ... (o!>urvtd b)' Jo"n 1971 .... rl 1971 •• 001 othln ) . The 
bact,tlopl.nlo.too If I ,fl'14 b), 10.11 cl11.tld ,rotOlO.II. ( '.rldlt •• t II. 
197. ) . Th". proto 1010. ser". II 101 .. 1 fo04 .o.uc" tor rotlfer, (J:' iOver,. 
per.oNll e_""le.tl"II) ... hlth In. tuf'll .u f004 .auree, f or e '["II1"ore,. the 
reeyclho, of lI"nt.ot. ill thll hlurotrophic food , .. b if carrll4 Ollt by both 
.ttlchl4 bf.c tlrll 11101 blc tlriopllnktoo. 

aaudlte et 11 . (1914 ) eood...:.t" .11 I lIvutl,uioll of pno.phorus e)'cUns 
10"' .... . 0 " c terTi iOd the prot ol o. us . UIll\& fr .. h .... tlT b.tUrh. tbey IOWl4 
ral.tl .. al), lit tIl luor,.oic • r.le •••• but I"b.t.ntl.l ot,.nle • ralaa.,. The 
__ t of • ,e,' lIaratld trOll the b.curl. to tha "It.r .... vlry lIolltlva to. 
the pr .. eoc . of tllhtl .... cterial ,unn. lIbeo bacteria IIIrl pUttllt 10 

.1croco.~a .100. or "Ith Iall1 aao~t. of .l,a., r,,' II.r.tloo r.t •• of 
loor,.nic P "Itl Ii.nar to tllo .. of ' ~ l1Alt.d .x,ae-bacterh e"lt"rll .... "rld 
by DePinto .nd Va rboff (1'17) . "'t, ""'10 pro to ..... "Ire .dded II luun 10 
thl IIr.4.te at II. (197~) .tc r OCOlal. thl loot,anlc • r"lnlr.tloa. r.t •• vert 
too 10" t o .eH"ie. thus. IctotHn. t l> &andltl at 11. (1974) .nd ruchd IDol 
Rattl.l>o (1976 ) . the COIIClpt of bac~erll r.l ••• lo'-lar, ... ouat. of lllo r,ani c • 
•• "4.c CQpo •• r." '" be I nc orr lC t . Bo ... " .r. t h •• 1 .t..die. c .ona t be e on. ld.fld 
e"I\.IIIIChe, p.rtt c w."ly In that tbe u;>et 1'lIIntl "erl co"d uc tad In 111croco.a. 
end 1IIcl,,4ad 0:1.11 on. l peel lS of pr010l<3&!I. 

Tha ir •• loa 01 .... c t.ri •• tt.chI4 t o. datr l tll. hal . l so beea. ."" •• ted ., III 
iaport,ot nlltdlOt p.th"11 ( 'url 1978 ) . Oltr1tI"o rn h .... belli olltervad to 
coa..~. l.f,a .. OUDt. of dltrltlll coat. j vitb bacteria ('.Irl It .1. 1975), 
S.I n".rc hars postulatl th.t d.ultivor .. 1I100 .. t durH". U .coo"llIbnt 
.Itllod of conlvaio, bactltl. r.th.r thao obt.loloa ""trl.ot. frOll the dlttlt"l 
Ittelf. The d)'tl lllics o f ,"Iill, o f bf. cath Ire GOt v.ll ,,1Id.utoo4 ("I 
OII.ptlr IY f or ~or. IlIlo ra.1100 on hl rblvorous ,rlrlna ) . IIblla eo.t of the 
b.c tethl ,unTl ba"l bu n 14e otiftltd. t he t1P' o f baCtlfta co_ oo.1, ,raud. 
thl pete.nt of the popuhtion ,rued •• 04 thl tHlporal patten of the ,r"a" 
are uokuoV!l. 



UNTII1C IACnAUL PWCtsstS 

The Kthtty of " lithic Hcuri. 11 ,toMbl)' the l ... t ulldeutoo4 of .11 
Mct.rt.~ 'fOC..... . th. Mothle .,,'Oatrer. of .quat1c ...... 11'01lll.lIt. ,todd .. a 
d1 ... rn h.bltu to th.t ..... roble ud1.ll. lIu .... 111 coouet .. tth •• ro'Ole 
udl'11'''c, , "d /Of the 0 ... r1ylll& ... ur •. As ,,"tloned e.rll.r, ..... r obl e .lId 
.. roble b.c urh .u "er)' different vlth nili'd to the c c.pound. the), uk. "p 
. lId r .l ..... As' con"que"ce. of thl l diff.re"n , -d.cc.poJltloll- b)' the 
"otho. e.1I ,fovid • • 'Oroad v.r!ety of lIutrt ... " to the 0 .. "1),1,,, v.tIr. 
)enthic Mcurh d c roUd actl .. it1 h .. bUll idntilled vith , ule ... 
(Ay)'.kk..nnu .nd Ch.odrUlob .. " 1971). 'r .. .... bl'. beothlc M etart. .re 
r"po".tb1. f or the eyelll1& o f .U iIl ..... ou ..nleh n .. tb th. udl.a."". thh 
•• ' .... 'Uon Ca" be •• de !fOCI .... bal."c. c.lo:.,,1ItiOIlI, ..... 11 • • • c.. dinct 
,,,,uUI.nta of neilr -bott_ nut riaM flun. Fllloo.Dd Irodr. (1910) .hov t bat 
In Like K.ndotil d.COllpo.hlon ot blue-Iruo Ill" occ"n 10 both the .. Iter 
eol ... n ilnd t he ."rhe. o f the .e1Ih ... u; 571 of th. d,c"'podtloD occ"u in the 
... t. f cohall • • lId 32% at the .-.l1m ... t .urfac •. 110 ...... [ .. .. Id .... rIU y of 
be .. thlc IIflilOh ••• re luIo,," to il c tlval, "woI'k" the ."batrata ( ••• Ch.pter VI). 
th ... orl ... l., .. 1I,,'t be rnpolI.ale for ..... of the o •• r-bolt ... lIutrl.ot nll:l . 
The trIM .cthit), of b.othl c bilcte[lI r • .,&1 ... io doubt. J alln .. ch .. nd IIlft.D 
(1973) chill.d that t he low t_per.t"r ••• od/ or h11h '[' .. un. of the deep .... 
inhibit bact.rial acti .. i t)' alld Cau •• • photic d.co.po.ltlo" or r .. 101 •• 11I1tlon 
t o be • dov P[oc ... -. AJ. .... nd 1101.-8'11"'0 (191') refllud th.t chia vlth data 
,howlnl cofts l dtubh heterotrophic .cthit}' in the d •• p na. 

the .etu.l . It t o f th t _il jotlt}' of .. "t.l.ftt r'lto.r.tio .. 1. ulI[tlolved. 
"oth1c b.cu[liI Clftno t account for all of the r .c)'c1lol ' the Mothlc 
ate[obhl biall' I . too 10v 1a CC.PII'IIOD to b.eurlo,lIriluoo bl ... all on • 142 
bI.1. (V01.-Han •• o 1969). Tht ,[ill.r), I it t Of the ['C,Cltol of .0. . .. "t rit .. tl 
('lICb II P) 11 10ft 111<.d)' tht .. It If col ... 1I. whlh {o r oth.[ .1 ..... tI It II t b • 
• edi •• otl (Kobor l aod t'I' 1919). Fallon 1114 Irock (1980) lM.ic.t. t hat Vir)' 
Uttl. (<10t ) o f the o r l.nle .at t er frOll ph,topl",l<.too .... alft. in tb. ndl.~ot. 
!'bIt of tb. dteOliposition oceuu 10 tb. vlt .. col .. o . alld the .. ttrhl tbat 
do •• re.ch thl udi .... 1It pr1ll. .. rlly dtee.po .. 1 It til •• ldatDt ..."attr iIIttrhc •. 

SlJ!oC1AAl 

'rolUII 1.11 "nd'[HiI!ldioi tht c}'c lloa of .. "tdenu tbrouah bac t ... la bill 
bttn 11ov.d. III pUt. by • lick of ad.quate t """rbental [lcbnlqu ••• So • • of 
th ... t.eholcal 'robl .... It .. he. tM dlfflc"ltie. of upauti"" M C[e[h trw 
,h)'toplilllktoo either .. tth bloch_leal Or n c hanleal techni~"I'. As 1011& .. 
thl. 1IIpr.cl •• s.p.riltion cOlltlo".', true olltrt.ot "ptill<.. alld n"t rt i ll t •• 1 •••• 
r.t •• viII 'Vadl ••••• reh •••• Th •• Olt [,clnt lai ol I .. th •• tat'-ot-the-.rt In 
.eol08ic.1 '<tllatic blctt. lolo" hlV' be ... in t .... ttltion. A cOII.ld.ubl. 
nWlbe r n! o.w. 111 .... "ilt!v. technl<tu" .. Ul be nqul r .d bafo r e .athfactor )' 
prolre •• i. 'II.de i" ..nd.[.ca .. diDI ""C[t.ot e},cl1", th[Olllh ilqu.tlc bacteria. 
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JlfTtOIlUCTlON 

Ot llohtd ,b, .. pho'''1 In 1.110.. vat .. · lDcl"" .. the 1 •• 41.tl .o"r". of .11 
. la •• nt Vital to prillUY b i ololita! p.04IKtlon. r or that ,U,on . "bltanthl 
'ffortl hive b •• n "nd.rta~.n to q"antify .It., of fl,,~ bet""n 411.01'1.4 pool. 
and the biota. hHlcda. ill.u ... t 11.1, bun foc\I .. 4 011 flactions In"ohiD.I the 
phytopl.nkton, .. hlch ... the ba .. of the trophic py._14 In p.laale 
t~UD.it' ... A ,,,!dini prt.'n of the work ftporu" h, .. ,. thl t the 
int,ractions Ir>d the kinetic. of p.oc ..... 111 th ... I"U_, t . n be "a4etltoo4 
IInly b, ptrt\lrbin, thl .,It •• lei '0" "'Y . 114 lIu'"rll1, the "I"lu. this •• y 
be th.o"lh .... iYe .4dltlon. of , to • lik, (£lnuh 19'1; Nellon .n4 teI.on,hoo 
\9)), Sthln4ltr 197). 19911 ) or thro",h the "n of biea ... ,., o r tuter 
teehnlq"u. The latt •• lIethodololY .... plonure" .t the .. hole lak. level b,. 
IL..ItthilllOIl .1:1<1 &0 ... 11 (195::'1) , 1I.a,. ... t .1. (l9H), III" lill •• (l95~). froa .... on 
"11.10. .n" thrllu.ah ."bl'q".nt .e-interpritlttllll.' ( liller 1913) It beta.e ".r, 
thu th.t n ellan, .. bet .... n di .. ol"ed .0" p.nlc\llau pha ... acc"rn4 all the 
It.h of IIln"t .. · lIIte .. 1t 10 the upi" ... a".l of tractr -PO, frOllo 101"tlol1 
,pIVlled the 11,11' bio •••• y ( l lllir 196'. 1966, 1968) III III .ffort to quantif,. 
tr". conc.nt ratlolls of di •• o1",d or thopho.ph.tl til lake .. ate t, .lId le4 
"ltl •• ul,. to the IoOdIl by Le.n (1913) of P-uchanl' u on, ,Slv.ral hmctlooal 
poola. , 

RAPID UCllAMCt FwttS 

1 •• 1nl their rltloo.le. 011 the 4,,01lltrltillll that the ' Olt biolol it.lt,. 
.ttlve pOoli of di .. ohtd , \a l.ke .... u~ .rt oftlll • ..ell lovn ill conuatrnioll 
th.o traditlo .... l chn,lcal .nily ... tndltate, olle .chllol of ..... rch h .. foc\lud 
oa the klault ."entl thn follo .. the "'<lHioa 01 t.rrler-f ... t.dtopho.photu. 
to 1.10.. v.'er ~r .11.1 tult".11 (Le.o 1916, Le.n and N. I . ... Jko 1916, NII,".jko 
and Lun 191a j . Iy th.rth., the q\lallt1ty of radiopholpho."s thlt t .... lo. ill 
.01"tloo over. tiae Cout •• th.t .ay .".0 only Iinutes, it 11 po.slble to 
c ooputt tattl of uth.nat b40t .... n p 11:1 th, vl ttr .ad 111 th' .ll.e. Itt."., t he 
rl."lts sho .. that thl d i •• olved tr.cI. P t"rn. over ao r .pldly In natur.l 
"a tlrs prl3ltH, .s • t eault of btolollcd aechanlnos, the 'l I •• t.odlccy to 
re,ard this behavior a. thl tuadllOInt.1 proce •• cootro111c, the t o nceat'ltioo 
of pho'pllau. 'Jh ..... thl. :II,y indUd pr ove to b. the c.st, it provl4es ao 
leslaht to the f1..x •• t.1 re,pooltbl, fo. biololit.1 prod\ICt\oo la lak.l. ~.t 
it ' .... ured In the .. uptril.ott 11 1I0topt ... "tUbrl .. ouly. OO t .... fl ... 
a •• ocl.t,d .. 1~h !! ~ 'yllthesl, of bloa.'I. the tlchalq"e ',alure, oul,. Onl 
I1dl of • t"" ..... y flux , 'lI.d thul the rUlliti c.nnot bl Incl""'l<1 ill the I ... , 
t.t.,ory vlth eet flUXl' re.ulli n, frOll e~c ret ioo or .utol,.lll of t, l l •• 

l~ f.ct , thl luidlo, ...... ptloc 111 tht .t\ldi.1 I, One of "lrt".l .t,.dy 
It.t. for •• '1 lafl..x .nd .fflux, .n .quilibriua .y.tll lat~ .. hich t .. porl'y 
i.otoplc dl'Il"t11brlll2 I. I llt rod..eld. the 31.I\lrea,ctl •••• ntl.lly qU.lltify 
the "nidirec tlon.l 10Ve3ent of .01ec"le' .cross a clll afllbr.nl, evln tho\l,h ao 
'qual ~\Dbt. ~f . lIltcule. It I 110,,1.,. Ibult.neo".ly 10 the oppo.lte d1 .. t tlon. 
resulting la u~o lilt fl"",. Th. lloto"," ttthnJqul couequently h.1p. id.nli~y 
I f.e.ly urhani"blt pool o f P t h.t 1 •••• otl.t.4 vith livinl till ••• ~d the 
kinUie. PIDit the ,tze o l t he pool to b40 utia.tK. To Idlnt Hy proce .... 
and rat •• th.t a.t [e.ponllbll for . tC [lIIl of phytop l .~~to~ b :oeaSI. nit rl:e' 
of flull l>etvun the ... ttr .n4 the cell . .. "It bl ::",iured. Or;.:lil:= 1 that 



dh'h'. ooc. par d.y ..... , h.lv. the ... a. to dOllbl. thdf call,.J.u , ~oauau 
.uh d.y &110 . Th. 1 ...... oY .. , thlnlon, to lb. nil .. 1tId. to lIlutfi.lIlt 
CIIl"Ullt .. ltlolll. for ""l~h 1t 11 ,.. .. 1\1. to .... 11'. ra t .. of !lIn ... th.lt 
."bltlllt1 .lly •• ~ •• d .ffl ... froo tbe c.lll. 

U:SPONStS fO ADDED S1JJSnAIE 

the •• chllll ... of trall.port-..dllt.d 1I"'1"'.lIt IIptlka aad .. ptlk.-to"trollad 
tell ',rovth haY. be.o nvh ... d ret.ntly b, '"ttoo (1918), Opulu of , 11101 
1Dtorporatloll 10 c.llular Uc:a11S ."It b •• ""cd IS I Il.urll IU,a proca .. 
h"ohlna utaful cooel1ltfltlo"'l of • ('o"t). a tflupon COOpoII.1I1 ( f ), a 
hUla ll1ttraal pool of , "poo l), a04 urlM;t .. ral taUlllar co"ltlt ... otl 
( ' c. U)' "'".nlble fonutloo of I '"bJtnt.~tfln.pon cc:aplu h th. !IIUr­
.eoIiat. It.p "t .... 11 .qlllUbntlon of the ll1UUll 1001 .. urllli . .. blt .. at. pooh: 

(1) 

Th' lDtataal pool cc:a .. lIIto d,lI_ic .q"lUbrt ...... Ith both 'o .. t a04 'ull, aDd 
ntl the nt. of e. Uul" IYllthuh: 

·poo1-'c.ll 'l) 

'pool 11101 ' c.l1 .ach cOIIai' t of COlllpolle"t' th.lt Ylry 10000avbat Io4,p.lld.nt1, of 
nch other (I.h .. 1973, 1974) , b"t thh ,anerallnd ,ch •• a 11 In Idaq"ltl 
d .. c.r1ptlo11 of a"eotl. Tbll Khml .Ikes cl .. r the po1llt thlt flU. of uptake 
of • froa 101ut100 do DOt dlrect1, cootfol ,rollth 1"at., Vball call. ara It 
Itaady Itlt. vlth COII 'tlat •• bl,ot COot.ot .. atloo, 10 • ebesoltlt, rl t •• of 
upulu cao 10dud be ulc .. httd f .. OCI ,rovtb rl t .. "ad tell qlJOUI of , (a.,., 
lhaa 1973, 1914), but Wh.o axttrllal tooctatr. tlon. Ir. ch.laalol, thlt .pprolth 
I, uo,.tl.flctor, (e.", IIIr.I'ter 1978). lbe c.ll qllOtl (tha "OUOl of 
aulrhllt par tell) ~11..0", .. ,,, rupoQ" to 11I"lro .... "ul eoo4lt10 .... aod 1t 11 
~10 •• ly 11aki.d to Ifovth rlt.s (Droop 1968, 1"3, 1974; ,,,b. et al . 1972; lroVD 
Ind IIlrrl, 1918 ) , The 1110e.11011 of c.11,,1&r , AIIO"', dUh""t.Oi.elll", 
fract ion. 10cludl", po1,pholphltl' aad oucl.otld.~r hi. bee" 1~ .. 1"ld 
ocell1onally (I., .• Ith .. 1973. 1974) " II" lbe pru.nCI of utrlctable .urplu, 
r ('1tl,.rlld aDd Sel lO" 1'66). Thl pr.tl •• IIIturl of thl .~chIQ' •• bl. pool, 
here tIlled 'pool, 1. oot lDovo pr'~i •• ly, but it eo".t ltul •• o"ly I .. "II pl .. t 
of total cellular r (SI,ll r 191), a"d I. 'PPlrlotl, GOt tb. pllc. "" .... 
• ,,'plll. , 1. Itored. H..eh of the ''''plIIa r .. y be Itored .. polJpho'phlttl. 
10 •• 10 polypho.ph.t. bodl" ,,, c.ll "&tuol •• or II.lwh.rl (811"0101 1966 , JI"'.U 
lad Sicko 1974. 5t.w.rt 1977. Sicko-Goad lad Sto.rae .. 191,). 

Droop ( 1'73) Iyold.d the I,.u. of idaatlf,l". '.parlt. cellullr a"tri'''t 
~oaplrca.ot. wh.n he "d"."c.d the e.l1 quot" I. tho",h 1t ve"l the detirailll"t 
of autr1.ot~11alt.d "I,ll ,fovth lad Illultr.t,d the "pirlc.l ".11d1ty of tha 
re1&tlO::'lhip 

(l, 

for P-l1.o1ted ,fo .. th of 11, ... ~ it cellll1&r Irowth rat. ( d~l). ~ . 11 the 
tll.oU tlcd .U.1.aID ratl. Q h the e.U qllota { ~ .ol , c.ll·l> •• ad kQ I, tbl 
.1 ,,1.0.1 1mO""t of , ".e •••• r' f or ~IIl dlvt,ioo. Other . uthor . h"". dllco llot.d 



~h. I.nerd uUdlt)' of thi. ";>p'oae h by d_ollluul.., tut for otb.r 
( .. atrhllu. partlellhrl, C, N. and .~.tt.u n. let l II • poor d.'.erl,Uoli 
(Cal"trll" ,1:14 lit,.., un, Gold .... !!..!!.. 1976, Cold.uo 11:14 IkCetth, 1911) IIOle .. 
~. 1_ relarded .. I p ... rel)' Bctlon..! ,It ... t,r IIOt .... 0 r_ttl, .101hr to the 
..,.111 ... ~,o>lt h 'IU thu c .. n be uUIIHed for celli 111 Iud)' ,Uti Irllvth. 
Than II 00 ' .. Ion t o . ... pect thlc , . ho .. ld obey 011. IrOwth lIodel and 
that o ther U.ltinl lI"ui enn ,ho"ld oba)' alloth'T; the 

.ri •• bee,,,., ctl1 q"Ot .. , .r. oot 001, d'ttnaio""t' of ,roweh 
t.t •• , th.y an. prod\ICt' of thn, toO, a nd "l>4'ca"" lOll. 01ltr1l0t. ar ..... bj.ct 
to ."ch ,r .. ter urlabtl1t y 10 the e.n th'" u. oth.n (Colda.o all<l HeCatth, 
1978). 

'"tton (1978) ... l,..d the r.hv.nt .q .... tiol1l to .ullletl the U ... tlca 
i.,Ueh In tq 1 for tha I.oual e.... lIh .. t ."111 11 I .ch., to IIh1eh 
l eU,.. tr ln_port, 001.c,,1Ir dHfuslon, aod prod..et iDh1b1tl0I1 n •• U 1IIvo l".d 
to I~' o.t ... t. Crowth n tIS n. controlled "IIy ut .. of .u"ly of nutrt.nt. 
(roo the lIun 001, to the poillt It wh1ch lntrl,.1111l1T co .. verdoo 0 1 .v&11.bh 
"utti.nt iDto .n"ctuul co-pon ... tl l>ec .. u the ntrlu1tilll ate,. Ku.1011 
fit .. It ..,..lc ll P can be traotpo rted ioto the c.n uy IN uny tto .. l"lttt 
thlll. , cln IN ut11hed 011"1 it I.t. in the <;eU. Thil "'11' t!\at 
co .. " .. trlt1ll115 at which Irowth ru .. l>eC_1 utuuud 11111 Nt • ..eh lo ..... r thao 
conC.lItraUo ... nquirtd to ut"raU thl u,ukl •• ch.o.1 •• (Lalaln .t .1. 1975, 
lutto .. 1978, luullur 1919). --

Net nt .. of .. .,crl.lI t ."ukt"' u. "",dly ... d ... tld 'II, IUcluo.l1.-KIOtlll 
"'DlUCS: 

,. ) 
..,.,.ra u Is uptlte uta ( • .,.u" ... ., .... ). Ind l, 11 chi half .. t.,rltlo .. COlllt'Ol 
for u,t.ke. n.1 aodd i .. tq 1 i.,l1 .. thlt flWl ut .. U)' d.viau ffDa thl .. 
11.01'11 killetin """at ... e c ltc,.,ullul (luttOll 1911) . Irovo at 11. (19715), 
ill fact, deooasulted .. ,lrlc l11), tll .. t u tll of II,UU proutd 1&.t;r It 1011 
COllc.ot rl t l oll' of PO, til .... wollid be .zp.ctld by !ittlDa I Kieh.elia-Mlotlll 
curve to dua obtti"td .01 lIi~h .. coo" .. trUlOIlI .1101 utupolati", dOIfll t o the 
low val.,es. n •• ,fflCl dolS 1I0t .... ca."td b)' thl u~!d l~h""I' U ...... 
dl.c ...... d urlier, Ilid ,.a )' l:apl, t hl I.huoc. of ...... al tu",port . ,IU.I 10 
dill <:I1h, uch llHh .. d iffer!1I1 .. ffilliey fll' dl .. 01ud PO,. TIl. u,ld 
nchanl' bet ...... ' o"t "lid Ppool do .. '''Ilest tllit chtrt could "1>4' • 
coocellttatioo of Po.,t for IIhlch lIet u,tlk. 11 uro, but thl .U1nlt1 .. of the 
trlolport IYlt . If. so Itau th .. t the rtlevant conc.otratloo, if it ui.t., 
wo.,ld d.fy cOIIY.atlollll . ethod. of c hlDic.l an.l,lll. 

"",othar ... IIfC' of d,,.laUoOl fro. .ilph uput. ti ... tic. 11 the ,1111.,-'011 
l iJIiuti oll tllit '0.,1 01 occ,,' .t low ,ho.,hu COIIClllt UtlOli1 ( M .... \r. lad 1.111, 
1952, "',cilt "'" c.avil 1974, eavh 1916). ~l,cullt dlfl.,aio .. 10 tb. bollOdlf, 
rei 1011 .. ro\OJld , c,n .llht "at 'lie r .. , id 'l'IO",h to ... huh hilh fl..,. ut .. It 
th. cell • .,rflco "Ilfdhu of tht afUllit), of th' lUlllport .ySt .... Th ... 
• Uactl Cln be nty i,.portant wh.1I a .. 'IIi.ot COIIC.OUltloll .... low, 1 .. which 
e ... 11",b1l 'OOClllt"t101l I .. di ... u 1I,.d.d to •• huh rapid diffu.1va U .... 
CanllOt be .. tabU.II.d. beau .. 10:.' .l t ho.1f lodic.u t llat "'bhot 
co"c,"eUtiOll. of ~4 "I, b~ ver, low (, .. ktlhr 1973), this In." ""y bl 
Laoportlnt ill lakes. 

lltho"lh tb." ar. r''''OIl I to IUI,ect th..ot si.ple lticha.Us-l1llltlll 
kll1.tic. do DOt Ilye III .d'CI"ate 4ale rl,t l0ll of upUke nt ... t 1011 

" 



coru:.lltntloll., the Mlt .. , .. ntloo cout.ot l, obt ..... fro. CMt U",Uc 
.... l,d, 11 nUL n,.r"" II • ,00<1 ...... r. of tbe dfill!t, of tbe trn.port 
.,.t., . lall," of l, h.". be.o 4oc .... ot .. for "0, .pecl •• ( •••• u.aarl •• 10 
, .. 10, 1913, L.r-.o !!.!l. LtH), .D4 tbo, til ... ce. laporteot .... UloM. 'or 
In.tane., III &11 c .... the h.alf "Utltioo cOUtaot 11 ollth ,u.ter th.all lb. 
coo<;.otr.tloo ...... lly eoco .. oured 00 t"U,,' 10 101 .. tloo. Do., thi, a •• o tNlt 
the .. ptake ',Itt. h al ... y, far uud.uu ... . rad! If 10, vhat h the Idlptb. 
"'''IOU". of poII.1l1111 • ' 1It_ "ith .0 a\W:.h "" .... d c'pocU,! .. '&a1 
CIIos1d.ntloft 11 tN.t tb. 1&111.11 .. po .. lbh tat. ot "pu.1u! of , it ... ' .... 11' hr 
,relter thlo o.c.llary to .... pport thl IUla .. po .. lb1. rIte of cell dhidoo, 
It folloW'S that lwr.w:, upuke of , ( .. ptau uol .to n,_ of , be,.,lIoI '-dllU 
cell .. lar 0.14.) <;ould be • co-oa o<;c ... rr.oc.. 10 fact, if IIt .. nUoa 
cooe.ot tltlOOI .r •• oeo..otlr.4 r.t.ly b~t 4."odlbl" lwr. ... ry .. pt.ka .. , be • 
prio. 004. o f .u.uo.o<;', II ,,11 1 be d1le .. ul4 laUt , 

WIIlIEH'T UUASE to TIlt DlSSOLvtD tIiA5! 

Wh.o the 0 .. [rltlo011 d.allldl of phytopl .... ktoo .t •• Itia.t.d (rao pr1aar, 
pr04\ICUoo 41ta or frOll o ... triellt .. puke it hal bo.o ob .. ",.d that tb. celle In 
.. tl1111og 100r,.01e outrl.ot. tt rlt.1 ftr ,r •• t.r thao thl .ub.t.ru:.1 It. 
bdog IIIpp11oo1 frOCll utuod lOure .. or frOll ","bilat dhlohed pooh ( 'nlov 
IDol atlhop 196.5 ; c..of .04 )hike 1974; Lebo .... 1978, hi pnll; liehl, 1979 ). 
So • • o f the d ...... 4 for o .. tthllts lUSt be .. tl4 by o .. t rl.ou <;,.:1Id v1tblll the 
"IUt <;01 .. 0. Tvo alt.rOlth •• Iehllll ... ht'" beell ptopo ••• to I<;eo .. ot 'or tha 
taquiaite fl~el. SOl. I .. thor. <; 1.1a that pbYl1010,!e.l d.ath of phytoplaoktoll 
1a ... eh all wpo'UOt '''lOt (J.llb, aid Coldou 191. ) that tut017.1I, pollnly 
ai4.4 by ~leroblal attle~ 00 ~tlbuool cel li, e lll IceOuot f o r . o.t ot the 
tI<=,c U". (Goltl~u 1973) . lihate .. u Ita <;a .... , e.ll death .04 1,.11 tllIn. 
pholphar. rapidly to the " aUr , prob.bly b.e ..... of the lab11. II.It .. tI of 
pho.pho-•• tl' boldl, Ind the ... tolytle '0',." pr ••• llt 10 the cell. . lb. r'pld 
.Uluz of r tfOCll U"lo, cell. d.tected d\ll'loa 1Iotopl .qu.1Ubtl,.. u,.ttao.ou 
( ••• " 1.e.o 4104 Nal,vljko 1976) probably flp"leOti dtlfullol1 of .01.., .. 1 .. ftc:. 
h1,h <;00clottltloll1 toatd. the e.l l ... brlne. 

An alt.toltlv. lII .. r<;. f or the a .. tr l,ot l 1. r',.Olr.tloo froo tbl tl, •• 
111011r.ctly, thro .. ,h thl ,rl.loa .<;tl"ltlll of b.rbi"ofo ... 100pllllktoo, 
Yunllr". a" re'.Il.uud to 4l1l0 hed pooll dthet II, llIeretiOIl o r "7 tb. 
br •• k4ovn of iocOlpl.t.l , dl,_lt.4 tl •• l ol of _,.'t.d 11,11 <;111. , lb. 
llber.tl4 o .. trl.atl Ir .... ry t. l<; tl". III010,1 elll" lad th.y It •• ".il.bl. oot 
001, t o the pr.f.rr.' prty of the herlll.or •• , b .. t .1to to th.lr eoo,.titOf" 
To 111u.tr.t. the taopa<;t that autrl.ot r.l •••• frc:. 'OIIplaok,oo <;10 hav. 00 the 
pho'pho r ... <;,d. 10 lak. "ater, It 1a .... ful to re .. h" vtlat 11 koOVII .bout the 
• ..,hlal"l lad ratll of hl4ioa IDol •• ubolt • • 

R!:DUIC It ZOOPUHKlON 

EIIpirl <;al lavll t l,ltloos h .... d_oolt r&lId th.t ,ndo, CIO ioll ..... <;. the 
co,",polltloo alld Ib...,dlnct of 11,al cOIII...,ttl .. (c..lblo, 1963, bll.y 1913), 
plrtle .. llrly oI .. rto, the l.tl .prll11 .od • ..-m.r . AlIO v.ll doc .... ot.' t. the 
f.<;t th.t the ,ra.lra .r. v.ry •• leetl" •• bo .. t the ty,.. o f plrticl •• the, 
10,IIt (Aroold 1911, Nlvd 1001 IHul 1913, J ....... tad lic"'"" 1974, J.icboto 



!!!l. un). Solo, of the .. hcUoQ .. ' " .Ucuud purtl)' b, tb, "cM.lIlc.el 
propnU .. of tM fUtlflq .".rau •• (Rhl1 ,Dd Nt ... l 1976, ~J' 1916), but 
thau .... , aho lH: • hi,,, ,.,r .. of ch .. 0 .. II .. t100 Illd dullloQ-uU"" hyolvd 
(hll,he aDd Kauor 1971). The "v .. rit. proud""11 for .... "fllll tudl ... rat .. 
rely either on d.lu<;r " ...... ntlftculol1 of ehall'lI 111 ,t"",4,nc l of tb, food 
p.rtlcl •• ( I.j" 1""1 1963, Frolt 1912), or 00 locorporatloo II), th_ anUiII, of 
• radlo_ethel y l,belhd food ( 1'1" 1.111,r 1961b . Geller UH). &uly .... tun 
b,Ulved thlt tllter-fuclll\i loopl~ktoo .,IU co.phuly 'lito-ute, hi the 
...... tb.t "etl ... 1.,1 IIOlI.ld al.,.y. fHnt I eocH'lIt vol ... of "'.tIT, 
r.~.rdl ••• of thl cOllc,ncrl tloo of typ •• of part It 1 •• It conellOld (Pl .. l111 
1939, Ilar .. , 1942). Su41u b)' '),(hlf (US4) ucl Kat.hdl ... 4 On (lU5) , 
haw .... r. loon ~.d. It cll.r th.t .t hi,h ~on~.ntr.tinnl of food partl~ll' tha 
utt of in,ution hvah off to loae .",i.e ..... 101 ..... SUb .. q .... nt vor ... ho ... d 
thn the ob .. r .... tio" h.ld for both fhld aDd bbornory pop"ht1o"l (tt,ler 
1961b, l.I ... e 19U, '"u. 1966, fulO ... It d. 1967). Several different 
for."lation. ve,e ad .. anced to d •• criba th'-"Pi'i~11 rll"lt. 'atheaa ti~ll1y, 
b"t tha ~hol~a of which eq",tloo an ,,,thor ..... 01 to rapr ••• ot h1. dltl Ippelrt 

baen s"b j '~t1v.. III t he hope of filloclina I I1I1.h ·belt- .q"IUOII. 
(19151) .... ed 'rolt', (1972) •• tentive data On fe.dll1l rata. of 

to tr,. to dlltlna,,1,h the blat .. pirl~ll ,odll by .tlti'ti ~ll 
th.t tbe d.t. fit the three differeot .odll, tbey .... tll.d 

',:':;~:O;':all. ~ h.v. t .... n a Ie •• e.piri~.1 ,pproa~h to the ii'''''' 'lid h,vI 
tri.d to j".t i f,. " •• lac . od.l. fro. bl.t~ ,,''''ptioUi lbo"t f"diAl baha .. ior. 
Culht", (1959, 1968) .od Cro .. le, (1913) derhed for.ulnlolll for ,rllt ... 
• ooplanktoll fro. the '~I ~onlt,,,ct. that Boillo, (1959) ",ed to erlct I .cheme 
for predaUon rlt .. "011& &IIl.all 110 ,nerll, All alteulthe .ppro.ch .d"lo~ed 
by Lam lad Frolt (1976 ) .nd by Laha.o (1916) tr •• ted Ir"i", •• 10 opttat .atlon 
procl" for the ,rl. er 10 .. hich .ffort 11 "pendad to ,.th.r food, aod 
o"t'ittonel rev.rd rel"lt. froa It. dl,attlOQ. Frott (1975) .boved thlt the 
feldln. behlvior of Cal,o"l il Coo.lltent with thl optLal,.tloa hypothe •••• b ... t 
oot "ith thl otller .0d.lI co.ooly in "U. Thh opera.otal oburvltion at11l 
.v.lt. confll"11 atlon f,oa othl' 'pect". 

Be ,ood the •• tur of ~ud1I1' fnll lID a lin,l. food type 1001 thdr 
,.thlm.tl ~.l rlp •••• nt.tioo II thl il'~ of .allcti91ty I Kh!bitld by 
too~l.n"ton ~In they .fl p.e •• nted with the .rr.,. of po. sible food Iplctes i ll 
~.t"u. :0\101 . "thon ( e'i" O '~dll 1969, 1l00llflaid It .1. un, Plrk It d . 
1974 , hnderploel .od S"vh 1979., 1979b) hav. propolld t'iiat st.pl. -­
co.fficilnt . 'I'plied to lach food 10urC' c.n rlpfl.eOt both thl ,e~haol c.l 
bl . . .. of thl food-,lthlrill, .I~h."h. ( p ... hl IIllctlllO, 10 the 1111.1 of 
frost 1911) , ItId the eon .~ti" .. lt~tiooJ nj*C.tloo P'O(. ,,' baud perh.p. 00 
tllte (Po"ler . nd lU.rsot 1978) . The .ppro'~h 11 blltcilly '0111101 , b"t the 
.odel. " • • d t o rtpre.lot the beh.vior .re prob.bly ioy.lld for I vlriety 01 
'e .. oUl. nflt , the . 0Lad. c." ch'",1 thllt tele~t1dt )' 10 "'POOII t o tbl 
D"t rtt ion.l qY£11t, 'Dd .b\IDdlo~1 of .~.11able pre,. ~11100 (1973) 11101 Richm,n 
!!. .!!: (U n) , for in.tance , . hoved that .ooe eopepod. ch.",e their IIltc t lvity 
io .. sponse to cha", .. in the .... U.ble pntl dl IPlctT.., . S" oDd, .... tad 
h.ding r.tu n. deplod.nt 00 the food ' pecies. t o .0000e allt.nt thit i. 
bec.".e the volume lllle. ted pl., •• role in re."I.ting fe.din ••• tel (~Mlhon 
Ind !Uih r 1965 , CeUI . 1975 ) , .nd bee . .... different food ,pld .. h.ve 
di . tinc tly dif fetent ~ . rbon-to-vol~. r.tlo. . Alto, tha,. Ir. ~oo.ldlt.ble 
differences betwun Ipeci., io the de .... to "hlcb thlY .re too.pus .. d llisidl 

" 



tM 'II' (etoUer 197). 
<>ac. foo. h !",un' b, • looplaoll.nr, 0111, I fuctlou of it 1 • 

.. ,taUan' allo4 the f .. t h .... ,..s. ..., .. of ... t.UIUOfI 11104 ... nioD v111 
htl"."c.. DOt j ... t luo04ar, pr04uctloD la • hlLe , bllt nt .. of ulltflaot 
c.yclin, as vdl. Suo ... uper1altlul ... l'uCi abu fOf tbol thla tholt 
'1, .. tlou dfi e lll1chl .In apeciflc to 1 ... liyid ..... l 1004 t,pe' (Ldhn l"Z, 
l'Lonhdl and Orr 1t~ ~ , Anold 1971, 70fur 1"3). btu 11101 .fHt hllc1 .. of 

•• , .oa'tl ••• be Id,utltll for taxonoaltall, 41 •• lall.r Of,.I1I ... 
• " •• u .1,., lad 'tff.r.llt 

or,aol ••• like .0' 
(Celln 1975, t-petl 

of ".lIperflllt> .... fud1o.,­
Ib\l1l4aot.. . n..t I" l uch Ion •• t.rld 11 l""ut.d th.o th •• ul_1 tall 
ponlbly ... ldIaU . Collo .. r 0966.) .u4 ~.pert (19"b) 4hcld •• d th. 
oc.tllrrenct of ,"p.dl\1Ou. htd!"" .. 0111 herblyoroll' looplankto... ""t 0" •• ha\l1d 
IIOt coutlud. th.t •• ,t.l1.tloo tfflel.De, I. tot.l1, ludepend.nt of food 
conc.ntlltlon. Sc:hlodler (1963) d_outntu that tlta ntlo of ... 1alhud 
.o.r" to In, •• tad . n.r" d.cf ••••• b, appro.la.t.ly • fact or of l vh'lI 
_loa 1. hoi 00 pro,,,u1vd, aon cOllc.utu"d d1ltl. 10 other vord., 
food 11 'II'Y .b\l.Odlot alld prOt nl1111 utn an up!d, dl, .. Uou 1. 1 ... 
tOllpl.t. thao wh.lI food I. f.ra . n.1. corr •• pood. to ~11.r'. (L975) 
Ob •• fy.tloll. Ibollt Ylrl,bl. ,ut pI."" tl.,. . At low food .bundallc ••• 
laa •• t .d a.terl.l Ill, be "t.l0.d 11I.ld. the ,ut for .ore th.o .0 bo\lr, but 
wh.o ~tlrn.l ~OIl~l lIt,.tloli' Irl hl,h, food i. e".t ed vithln 10 alo\lt •• • 

Eaperiliot •• 1I".lt th.t l.r,e differ.oe •• 10 ••• tailltion Iffltl.oc, a •• 
f~~tlon of food cone.ntrltloo •• r. IIDllkal, . Dlff. r.oe •• of • factor of 2 
(Sc:h1odltr 1968) or 1, .. (J.,aaPlft 1917b) .r. probabl, U.e 11111 raDC. th., o~~ur 
111 oatuul popuhtioo.. the pl~tllfl 11 • lIttll dlffereot vhlO c.onlldnlll, the 
f.te of •• tlrl.l. thet afe lDiI.tld but GOt • •• lall.tld by t~, ao~a, for. 
".ry ,i.pll relloo . n.1 fact thet 5<:1I10411r (1961 ) reporUd .lIlal1.tlon 
aUld.nel .. bet"lIo 90t .114 • little DOn th.1I '0% ...... tholt betve .. lOt .001 
601 of the In,e.t.4 •• t.rlal .ay be rltllro.d to thl ",tlr IIQ •• ,Lallat.d. 
a.,.t4.d I n thl. wlY t he v.rl.bllity of t he •• e.tld portion 1 •• ueh l.r,.r thlG 
th.t of t h •••• lal l.t.4 portloo 00 I r . l.tl". b •• Is. Th. nutrllnts .saoel.ted 
"lth thl •• ,.st.d .It.r l .1 .re elth,r r.l •••• d to IDor,IDle pooll I ... dl,t.ly 
o r .n ,,,,b .. qUlnt ly ruoll1. ral1l1d by .lctobll 1 4'eolpo"tt . Ileh .... of 
lI\1 t tl.ot. el"".d by io.fflel,nt f,edlDl .re 1I0t eootll1.4 to ".'tl00. Leapert 
(1978 ) .ho ... d thlt IIDI""u"d cell. which Ifl brou ll Or " .... ed 4\11'laa 
flltlflaa l e tlvltl .. of the .ota.l Ill' I .. eh 41 .. ohed or,,"lc cltboo to the 
".Uf . It can be ... ",ed that Olltrt,"ts .uch II 7 .ad '.n tel .. ,ed II ... n. 
Oth.r l!IV.etl"tou lI.v. ruched tb ••• _ cooelll.loo ("' " CII.hlo, nn , 
Conov.r 1966b, Karttll 1970, O·Conn.rl .t .1. 1976, Ioverl .Dd Gro •• lI1ckl. 
1978 ) . !hI. a.eunt .. Ill, be .v.o a Oflt.portlot 1110111 carul"oro ... ~,dopold 
(I t . odl I lld ' . rll.odo 1975., 1975b) .Dd c.l.oo14 eopepod. (ADd.r.oll 1970, Iovef' 
Ind \larren 1978, brfoot 1918. lan4ry 1919), "bltb l"ve partially "UII pn, 
,ad fr ' g, tn t •• fte •• 11 .tt.ck. Th. v.rlo ... fl~el .llocl lte4 vitb lap.rfec t 
f . edi na . f llel.llel • • CIO be Laport.nt to nutrlll1t t ec , ellOl .t .01. ct.e. of 
th. year. their .. ,nltu4,. IUlt be .d4ed to those of the nutrl,ntl th.t ,r, 
•• er.t .d to the v.ter d\lrlna the . , t,boll •• of "1~ 1 1attd cOIpolllld.. AIIothtr 
eon. ld. r.ti oll 1. tha t IDor,lII lc lI utrtl llt .tor •• 10 tbe . 1 •• , ( , .,., 1\11",r , 
con.um,d .tore. o! r ) Ir. prob.bly 1I0t • •• 1I11.te4 b, the zoo pl lllktoo •• 11 01 
th ••• con. tltu.ot •• re 'lltctl~lly •••• t.d . Thl. m'ln. th.t th, olltrt.ot 
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ratlo. 111 the .... t.d &lurld •• , be ",b.uIIU.U, dllhrellt fr-. the ralloa 
tnt au h.nted. 

Sel.cti,.a ••• 'tioo i. leport'lIt, __ c.u •• th.r. hal be,1I I 1011& tl'''ltloo 
of .. tLaatl .. rlt .. of .,tllbollc .. cutlon of , hoa loopl.'kloo 00 tile b .. l1 
of •••• ur.d r •• plr.tlol1 t at •• ( •.• .• $lIto.l and .0 .. rOt 1968. Caof .od 11.ika 
1914, 0."011919 ). The pubU.htd 0" UUOI '1'1 .ubj.ct to cOlll1d,nb!. 
... rl.bliley, vhl c h " Y be clu.,d by "'l'la bl1Ity 10 the outritlooa} condition of 
the IIntl.l. ( Ik.da 1971). Th. r.qul.tt, IlIfo~.tlo ll &ly bt lOre difficult t o 
IIIt.r,rtt thll n vn od.lndly ""tICI,at.d . !..i'pln (l97~) .11\> .... d th.t .IKh of 
the c.rbon ••• imllat.d by O.phni. pul •• 1 ••• tllbolll.d .t.o.t t ... dlI11.1y. He 
(i"'pln 1911. ) untltd eh.t a l1ubh ponion of the ltuboUc d ... nd, of 
h.rbl .. orou. 100,l""lnon I ... t by the I_dllt, .. It of Devl, ,U.ut.d food, 
rath,r than by c"ubolh. cot be>dy eon. tleu. nu. TIlts .U'" th.t the , COnUllt 
of ,.c r.t.d ."t.rllll III, oot be.r .oy .11,1. r,l.tloll to thl .leaellt.l 
c.ollpolitloa of the .ni .. .l tl "uI. Pet.et lad ti.ler (1973) .ad 'IC.U (1915) 
1 .. h c t und • nJlotucu tlcholqul to hohr thotot thl. v .. 10d'ld the c ... lor 
h.rbl .. or o", l oopl.nlr.ton. 

A b.tt.r ' Ithcod for dl t .~llIlo& n"trl.nt r.l •••• frill the loopl"oir.too h •• 
MIa to •••• ure the colnrl ... " dlne tly . Thln.n proble .. vlth laterp .. tlq 
thl r'.ult., nconlth~l •••. Ke •• ur-" conclntratloo. r.prl.lot • balaoel betveln 
uu. o f outritllt n .. loanlill-tioo b)' the l oopl""lr.ton lind the d.",luneou. 
\lpul<e of tha outrletltl by phytopllnlr.to ll . UUt fHurio. tha d.u hOI the 
v.ttr is 1I0t ",tid.ctory, bt,au •• aoLa.h vttl><>ut food behll". dlfhretlt1, fro. 
v.U-hd on .. (Collo ... r nd Corner 191>8. t.luM,M .nd r .. ada UlS, KIIyuud 1916 , 
Iked. \911, 1.Jo3p.n 1918 ). Sallarly. ,onc.ot flti ll, th zoo ,1.0lr.too to obuhl 
\lnambiauou, •••• ur ••• llt. of Dutril .. t .Ke r.tio .. can •• an that food .u,pll •••• , 
be rllpldly aahllu.ted. t he .na.l. II)' be d ..... d . or t hatr ph,.iolo.,. 
loclud1"i the utn aod f co .... of •• ~ reud IUb.uoe .. , .. , cMo" ( Mullb u .1 . 
1915b). Th ... poloU .lI o f lotullt .ho in .. ti •• H ... the ftaetlOnl oftotiJ. 
r that .1'1 r.le , •• d t o the v"t.r t .. or •• oie . nd inora.nte tors bec.u •• 
conc.otr".d pl .... Ir.'co .. collected vlth ... ta io th<t fllld &ly reI ....... uch .. 
hilt of the , io orl.nle fon (Po •• [oy !!. !!: 196), SatO.1 "ad 'o.aroy 1968, 
I.e lor .... 1913), vher." careful hbontory .uMlI .. .,ith und.'I.d .oiloal. fiod 
thllt .o.t of che rtl •••• 10 .hort-tt~ •••• y. II P04 ( Ilal,r 1961., Butl.r 
~ !.!: 1969, Pet.u aod Luo 1973, FtruDU 1976). 

TICYI IIOTIC COU.LINC OF lEl.[AStO NUTll~~S 

o..,it. po; .ot1,,11, r"ptd r"t •• of Dutri.ot realotr.liz.tlon frOl • 
'"rl.ty o f <:.Iu ... , the COOe l .. tut!on. of di .. .:. l .. ed • 10 111 ..... VIIUrI u ..... l1y 
r ..... io .. ery lov durin. ch. IUlonl of M,h.1t prod ucthlty . 00. r ••• coo th.t 
nlla .. d .. unl. ;>u do Dot "e,,,,,,,,hu io the .. liter II they .rt .wiftly rao ... d 
by the al ... "!lJ .u.d to ~ .. h'Dct th.lr , f co .. th. C,clill, flux .. I !lUlutt, "nd 
lu. dad bl<>lOlI. h ond.d to . dntain • ,Iveo lIvll of ,rod""tivlty; DlV 
b101 ••• I •• eol r. , .d ju.' ., quickly". the old blom.ls i, coo.um.d or l, •• d 
and the outrieotl u. r'I.II.uced . De.pitt lov ........ tOllc.ntr"UOOI o f 
dis.ol ... d nutr~.ot., .1.,. '"y .om.ti • •• be divldll1& at r"t •• c lo •• to thlir 
,hy.l01ol1c al ::.:axl ..... f..elld b), the upid bIotic eyd lo. o f , Itld S (Colden 
!!..!!.. 1979). vh ... th<t ""ph"tl thl . tille 11 o0!!l n"" .. , OO t the tvo_ay 
n ..... thlt Ii.ph 1Io tope .quillbrl .... "peri •• ott sho... Th. ra al'l two 
m.ch'Dl, •• by vlll t h thll C.II blpp.o. On t h. Doe h.nd. Upul<l r.t •• lot lov 
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coocentr.tioo. of , .. , be ~h ,re.t.r thlo would be .apecte. ~, aatr.pol.t1ac 
40_ fro. bl.h co"cUitntlo ..... po .. 11I111t)' th.et h .. e1n")' keo dla<:",,,..t. 
~ the other heod. the lC~e .i,bt be ,tecl,.l, the o~ thet ~1.&&a .t .1. 
(19J9) .1r'fl ........ lth al, ... oco","t.rlOC ".t, h.uro •• oltOu, dcro.rnrtrOii.;;u 
onl)' -.lc r .... ur. 1 .. Itn, _. of vhlch .n .. ".n1, ... rlched ritb lI"'trh .. u 
o .. t ... to rai ..... r.Uutto ...... ou. It ... "trh .. u Ire rapidl, eequ.uer.d b,. the 
c. ll. 1 .. th •••• pisodlc . nd dl.joint p,tch •• lod th ... l ub"qu."tl, ~.d for 
.ro .. th (l1J.llW"Y ",pt.k.), ..... .. bleot coou .. tntiolll """,ld 10d,ed f •• l1l 10" .1Id 
)"t be perhctl, cOnJO",,"Ot with flpl d cellul.r dl"lIio .. rat... 11 00' c .o 
.,f.l), •••• rt th.t lOOplaakton Ir. d_lo ... t ..... t ... f outrl.ot r.l ••••• t ._. 
tt ••• or pllcu . t h, .. thi. Khes. beco.n pl .... 1b1l. 

Nutrl ... t r.l •••• fro. the loopllDkto .. 1. ~tt..t.l, tl.d to th.ir l,ldlo, 
rat... So •• of the nutrieotl nll.Und b, the hubi .. ore •• ad ulld for ,rollth 
."d r.prad uctloo contribut. to u"" .. throOJlh hi,hIT tfopblc 1 .... h, but _.t 
of the "st.Ultld nut rhlltl .n nuro.d to IOl"tio .. 011 .... , or .nother durlD, 
the .... 00. Acthlti •• of th. ,flZI" cc"''' .. lecth •• 0 ru11" to tbe 
,b,topl."ktoo 00 tb, 0'" hI .. d, ... d {,nUlutio" on t h.oth.r. Th •• ff.c ts of 
tb, .at..l, on t,t •• of competlti ... dl'pl.c ... ot of ,1,.1 'p.ct,. d",. to 
dlff.r, .. tlal .rollth ratl' ,r, pot.otl,ll, .yCh ,r •• t.r th.1I tllo., c." •• d b, 
.r.,! ... 10 ••••• 1011'. Mutti.ot. t.l •••• d to tb .... t.r 'I • ~oll .. q",.o~. of the 
..,thlU •• of the ,1I1.al. It, • .,a1hbh to ,11 the 11, ..... ot jUlt to tb. 
preferred pte, of t hl .ru.n. Thil ••• 0. thlt h.rbiYore. CIII d.pre .. the 
.blllld ... c,. of "' ••• 1.al .pech. thtou.h "hctl., •• red ..... od .1Ih.o~. 
producthlt, of o tbua b, lIutrhllt rd .... . 

Th. but "tt •• tn for ntl. of f"dl.., .ad of outrllot rile.1I h .. , be.o 
obtdoed fto. r ",lithel, lIr., cr .... u c.1JI loopllJ1ktoa. p.rtlcd.,l, chdoCifl 
."d cd,notd copepod,. S.llllr herblY .. rll II .... f uter •• ttboUc rau. per alt 
boi..... TIli' ...... th.t t otiters .ad protOl",. for tOst.IIC., oI"'",e Cltlful 
.ttlo:r.tlou. If the blDII." ot the .. nall .uno •• bd proto:Joa 11 ,ub'ttoUt! 
lu IDY Vltlt "". thdr ap.el could be cOCll1d.nb! •• CUvlc:J (197}, 1976) 
reporttd. t ll.t tstU of pti.lf,. prodyCtloo In tva troplcal hu. Ite c10.1l, 
correl.t.e t o the ,flzt"" Icthith. of lIerbhorou. loopllDktoo, .ud 1.tbtlJl 
(1978, lu pr ••• ) found that o",tri, .. t r.l •••• b, . oopt.oktoo c ... '",ppl, • "jOt 
.hare of the lI"trltlo .. ,1 r.qulrement. of tpl11m .. etlc ph,.topllJlkton ia • 
t •• per.t. 1 .... durl ... the IUII.r , 10 obl'tvat!oa corrobor.ted b, 0..01 (1919) 
fo r tb ..... lake b)' llld,pend'lIt 'UIIS. bpld C1cll .. & of nutrilate bet .. " .. 
Jra.er . and al ••• prDlloe •• hl.b t.tt. of prLl.t, prod yCtloQ .od c. ll dl.t,loll 
.t tll ..... h." .11ochthoDOU' 10put •• 1Id dll.01 •• d po .. l, co",ld aOt lupport 
popu!,tioo. fot IY ... 00. full dl,. 

",""aT 
P,ocuu. rlSpolI.nll! for b loUc cyc1iug of pho.pllor ..... 1 .. the .. atu cohan 

ar. r.c",i.,ill8 locr •••• d .tt.otloo III lltht of dl.cov.tl •• thlt ext,rutl ",urce. 
of butti.at. Ir, so •• tl ••• lnlut{tctl .. t to I.plai .. ob.ttvtd r.t .... f bloIo,I'11 
productioo In 11k... Th. chhf difficult! .. 110 .. "', • npld ... d C01IpleU 
.o.ly.l, of t he ".tta .t. prl.,,11, t.chalell 0111, th.t .tl •• bee." •• flux., 
, .. oclled .. lth productt oll lad dth 10 .... Ire htLl_tll, cOIIII.cttd. 

Onl)' tbl! outline of • plct",. ch.r.ctlrl,l .. , focil proc ••••• lQ pho. phoru. 
c,clloa t. kno ..... It prl,,"t vi ~h .rllt a,.~r ... c., but tb.t o~tlll1£ pro.td ••• 
• uidt for fut"r. WOfk. A det.ll,d kin.tic 4.,e riptloo .. t a",tr i .ot upt.k. b, 
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..... b1&l .. of utunl phytop1&nluoll at conullu.tioll, dllhtly •• .,. _bln,t 
it .... lul oaed . Ad41tloul r .... rch lI.edl .rt '''lIIt_IlI,t, of IIl1uhllt 
td .... 10 ,UII by tha ,00p1&nktoo, lodll4101 DOt 1"" l'l ... nU •• 04 edlllt 
cnluc.a;.""'b.ii' foU ten .nd pfOtO'O ..... , ... 11. Partic lllarly lapOruot an 
eftee ta of .&.-Itr~tur, , lId lpad .. e_podUoII 00 the flWl UU' .otlc1p.ud 
thro .... h .... 01U • • nd frc. y .. r to ,;'ar. The COlltrlb11tlolll o f atcro,ooplanktoo 
t\a". bun poor ly 1t .. 411d In proport ion to th.lr Ubly I :l pottancl. blat'd. to 
thl, 1"11. of nll t rllot rno intfllilltion. and. of .1al la t cr i t lcIl laportallCl. il 
&II ,,,d ... tion of "ehanll .. 1 and d..urlin.ntl of .. hcth. I rullil by 
herbhorOll' ,oopluktoo. Th.t 1111. of lIIqlllry .. Ill pfobably pro", c.lltnl to • 
d.yn .. l e ol,.erlpttall o f .... lIn III thl 0","11 "'Uf, ble . .... lradaa ltaltl the 
atlDdIDI c r o p of phytopl &111c.too _oil th .. 1 thdr o"u.ll olltrl.ot .. pta'" cap.elty . 
Sel.c tl". It.zl n, 11 10 r'pt •• IDtl th. fir.t .tlp 111 •• eq .. loc. by Vhl cb 
""lriantl .r. r "lnlnUud bac k to I blo lollclllY-fU Cth. dI.,o h,d. f o rw. by 
h.rbl"Ofl •. Abo", .11. th. "o rk .... t bl rllor o .. ,ly q ... otlt.tlv,. Th. 1 ..... 
n .ta 00 l o,,&u On ld."tifytlll th ... p.ttw.,. . , of ,".0 011 .... ttllli thlir 
1 •• lIral illportane •• bllt ruh.r 00 d.t",,'.1111111 tbl ' qD1tllolu of IIIIUhllt .ad 
bl ot1c n"",.s 10 u t .. n . od. 111"llI tlo& th •• Illto • COhlflDt , 10urully 
coo.t.unt •• 1Id d.yaMlc I.Ilpodtloo of the IttuctllU . 0 01. pr od""tl"lty of p.lIlle 
l.k •• COlylleJU. 
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abiotic co .. ponents In lIkel and OC;.lna a u dlractly of Indireetl:- la .. olvd vith 
tha lo".ent of tlllo ala .. a .. t. loopla .. ktoa. a .. lauI .. 1 pa rt of tha peh.1c 
cOllllunit~, affec t pholpho"" ncycl1n. 111 1&U I ,rl.ull, II ,ra,,1'1 "POll 
phltoplankton and pndltors .. poo th ... lves IS .. all II '01 re,loaratioll of 
pholphor ... throu,h to,ftleient 1n,utloll ••• ntloo. and IItcn t100. Thrtl 
IIpec tl of l oop1l0kton acolo.y. dl"roll uUleal .i.ratloo. predatory feedl"" 
aDd po""lltlon d)'Ol .. l el. , .. nueoe. th, .. pholphor ... ft,.urlth. proc ..... . 

DIUIL~ VtRTICAl ~IC1ATION 

Anl .. al .J,ratlonl, thalr d •• crlptloo •• ,1.ctl", ad".ota,a, .od 
a,,01utlo .. ar1 ori,Jo •• h .... 10"1 hdd .h, haunt of leolo.t".. Th" .. r .... lar 
. o" .. aot. oc;c ur a D ... . 0 ... 1. 1 ..... 1' ..... 11 ..... 1'. and dll1roal ti.a .eal,. II t .. 
thll e .. a .. i th tha loophnkto". lIutchlo,oo ( 961 ) ddID,4 thna p.ttaroa of 
4 1 .. , oal v.nte d .I."tloo. Woctllrn.l "t,rntoo. th.1I01t COllIIOO patt.ro. 
'0,.10' a •• , lun • • t " h.o t oopllokt.r ••• c.od fro. 41111.ht dapth. loto .hallo"l. 
Itr.t •• 1'" •• 10 thlrl t hroulh the ol.ht , .md tha .. d'leaad ta 4al11.ht d.pth • 
•• ain at d."". "rd~ ob .. rv.d nvar .. d It,utlooa '1'1 th. rev.r .. of thit 
"'1uanc~. A twlU,ht pattenl uulu 1Ib~0. att .. the ~vlnl", .. elat • 
• • ldnl&ht .10ki,,' oecurl fol1 0 ... ed '01 • prld . ..... uetot. J. Ihoft tt.a later • 
• t d. wn, t he l oopl.nktl r . d~scend .,.10 to d"t1., d.pth •. 

Iih.t 11 t he 1'Ilatioolh1p bet"'~IO ... r t l ed .I I1'1tloo .od pho.phoru. 
",c1"UII'? Whtll ...... In& the ",portln", of d lurn.l ,,1,1'Itloo, Lonlh"1'It 
(1976) '''&le,tad that lOy m ••• "t.r.tloo 1""01'110, . ucb • 11, .. lflcant fr.e ttoo 
of the plallktOIi bi ..... hal profouad 10flIMllcII llpoll c.-.ualty .Itaboll... Ooa 
fae at of thi. proble" is e le.r; t o d.ta 110 tCllpletlll cOllp rah~n.l.a d.t. I.t 
o"ar .hort tt.1 .t.la. uilt. llllk.llll _tlutio", tudl!1& •• od tha ... rUc.l 
dht1'lb .. tloo of food. IJotil thb i •• ecOllpl1.had th~ cOllp11n, o f pho.pho r u. 
1'IC1,,11nl to . 111'1tl01l vill r Ullin ob.eu ... 

DI .. rn.l .II1'.tloo ... 111 p.rtlall, t"flu~oc. t ha Ipltlal aod teaporal 
dy:>.amlcs o f pho.pho ..... neycllll& by 100pl lnk:on thro".h thl aftaeta of 
temperatura . vutlul dtlt r ibutloo o f food U_ •• I"d dial faadtna rh1tla •• 
Zoopl.nkt.u .1,1'Itln, durl111 t h,noll It.atUlcatl o,, of tea a.,e.laoCi a dlurllli 
r hy tNa 111 telipal.tu.l. Bi,h~r t.oplr.tur,. viII It1ll1l11.a ht.hlr r.t • • of 
ucrltioo, thlll c rauilll a dluro.l cyel. 10 "teutor 1 •• u •• Thi' ,,,,& •• tl 
pholphor u. I",c • • tloo .a1 be 'lulu I n t." .. at oilbt Vblll .1.rator. "'~rlaoce 
t ... peratur .. 50 t o 10 0 M,Mr th.n '" t ha dlYU" , (l.nchUII 1962 ) . A lev f1ald 
.t~ia. h ......... ~.tld rhythm ic I",crltlo" r.t •• (Barl •• "1 .ad c..o 196&. tppl.y 
It d. 1973. Calif Ind Bl.ilY 1974). b .. t detan,d correl.tio", bat_en 
tu;p:;rature ""d a,.c unoo t hrough tiJI. h.", Jet to be puton.d. 

Besid,. c ycllc.l t •• ~rlt .. ra ra,~el . lIi,.I"t t oopl.nkt. r •• 110 'Iperllac. 
rad ical .hif tl in th.lr "uHHlon.l l a .. lrOllllt ll t line. d,1l .ad , oopl.nkton 
!ood Ittlll will eMili' I t,ulie.ntl, a .... depth 10 '{uln t lt y .od ' p.el .. 
t OGPOlltlo l1 ( Jo .... . . 19 79) . Onll rlclntl, ha. thl. r ole of t .. po •• l and 'Pltill 
!\. t ~roi~II~i.t1 Ot patthln~ •• be.n p41rcl h d II clucl . l to Wldlrlt'odl"l 
,ooplankton out.l t 1ol1 ( ~ullln . nd 'roota 1,76. t4U 1'; ;, ~l"u<I .nd Po .. lat 
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1911). Fro- urlhr obt.tvltlo ... , .untloll .nd •••• Uo .. n. hi.bly eornht" 
to (oocI l ..... h. !hut pbotp""r ... n.u.ntlo .. 11 It hilt 10cHnetly tl" to 
.1.ntloo .....s .. flied pny .lId t_,.Ut.,n dlnrtbutlolll. to"'It ... ""ly, 
.I.tuloo .. y l .... uc. lotill .. pu.ll" of pholphor." ... erulofl. 'fl.d .... tlOfl. ""'n 
fudll>& Ut.1 .n It •• &>;1 ... d .... ll>& Ofl.l dl.,tllli erch .... u .... hlfbhory 
( FrOlt 1917) .. nd p",htlon (lufoot 19111) aay b. uhethl, flldl ... hlblU 
co.,ld be letoo,ly tfl.flUlneld br .I.rltloo lod eOfl.'lltlleoely II .. ktd to 
... wlllttoll lod e, .. tton. 110 .. thh Ifhctl pholphout uII .. nltioo II 
p,,"otly II Ot ...adlruoO<!. 

With hill'le[ u.peUC"'te Inel fooel d.IlItH .. III • .,rflu "UIf., 100pll"kcOIi 
hedl ... I, 00" tho",ht to be p-rU.llr • dllen t e ue .. t >fill" fledt ... 11 
ooctut~1 (C ... ld 19~1. 1Wo",,,uck 19~'. !beut .lId "'I'ItU 1976. 10 ... " .Il.d 
'[ollll1eU. 1978) o[ bl.odd . t d."k .ocI d."" ( Il.aQ.lr 1973, 8.lQ.lr .lId 1la11 
197~). "th.pI thn. fudi ... ercln .n elidOlenoully conull11ed (Chhhol. 
It .1. 1975. DuYd .114 ' .. 0 1975) ..... coupled to field "bufYlUoo. of dhl 
perIOdlelU. In ~c .. Uon. 1,.aborttorr fuellnl ."perluou .l.he d.rUy thil 
nl.tlolllhlp. 

Althau.h otlr.tIOG. ha~e been thoroUlhly deterlbed 1 .... rtnl and 
Ir •• h"ac.r la.lrODDenCt (1J .... lb.r. 1964. lutchin ..... 1967. LoDlhurtt 1976). 
their oti.tn and the uilettvi "' ... ntaIU th.t f o ttltH th. tUll t_do 
uo.olved. DUlInot hypoth .... hlVI be.1I ,ropolld lovoh!II., U.ht ( ...... d1 
1927, Barril 19)3. "lr'toll. 1916). popul.t!oo re.ul.tloo ( vyo ... - tdward. 1962), 
... d ,Ifl.ulc tlcoablnttto" (D •• " 1961). Mon nce"t td ... have ".11 ba .. eI 011 
thl trophle "hUon,Mp' NtveU tbe oll" .. t , 00,1.lIltter nd ttl ,,,y .1Id 
,rH.tOri. SI .. el opttad tta" 01 f ood .lId tltllPIUtlitl uul, cOlnclde Ia U.e 
... eI tpICe, K<:WlIO ( 1963 ) billed hi. hypothu1l 011 the flct that lat.het e •• 
product!ol> It colder dept b .trat. VIII offltt by dll'),ed dtvalo"",.lIc. I)' 

fa.dl na ollly It al,ht 111 the .. are .urflce vlt.". cOplpod. could .&>;taln thdr 
'.141111 .fflclloell' at bl,b.r t"pI ... turl, and tb,lr .ro .. th alld dev.lo"",el>t It 
10 ... r "operatur .. r .. ultla. 111 III .1I..rlY (K<:wno 1%1) or flcllllclil (K<: lA.tlO 
1914) bonlJ. for the ... tall. torl.ht (1911) .110 "lhvd 10tluUOII for 
IJlrattoll lie. to thl coo •• quellc" o{ the d.llr altlr~t!oll. of teaperlture 
up. rl ... ced by ollUtll1& l oopll11kcon 1 .. tb.rolllr ttrltified vllen. B.1, 
;auabo Uc aO<le1 prHtctd .. ,nater IIIU,y ,..III for ,rovtb .od uproeluee!oD by 
fudt ... lOt Il.llht III the varo lurf • .,. Vatu whett 11,11 produetllllll 11 bl.h.lt 
.nel by reduc1ll, .nerl1 ell1I&ad, 1111 th. dlytl,. •• t the dUplf ( coldu) d.pthl. 
AIl.other hypath.,la ,,,,""Itl that dIurnal Il,rltlon e"ot •• a fro. the •• 01d."Ce 
b1 ,oophnktolll of dlyUlht vbere they .lI .. u!II.ubli to d .... Ur otlellltd 
,lllllte!.Ofout fllh. loo,lanltto ... acelld Il1to the lutf.,,1 ... tlr •• t nl.he til 
I .. d .d ylt ayotd pud.Clon. lant Ilild Sulfln (1976) pr lll. ldid uplra ... tll 
e.,idl ll..:.e ,uPpotUII.I thtl hypathlil. 1111 Clelm Lab, ra ....... Il0l ' ull. r '0114. 
CoII ... celeut. A ,rehut<! ptlr of the pl ... kthon 111. G.nu .. !.Ike ,1vaYI r .. &illed 
It d.pths duri n, It I 1I0c turD .. l ai,ratory cycll Vhetl 111bt t .. t ... ,lt1e. Vlre too 
lov f or thl pl .... kt1.orl to .ff l cl.otly lied. Labotator), " plrta.nt. with. 
dlpbnid puy and ttl plankthon fro. 'ullrr 'ond ,ba" reI a bt.h correlaUoD 
bet .... n pr.datlol> r,ul .nd 11lht louosity. l ut . PflY fro. GUul> Lake "Mba 
thl' blh.vio r I ... 1> 150thtro.l hablt.t i .. dtrlct contradictlo .. to ~Larelll'l 
(1961) .nd tllri,ht', (19ll) tbl~.l h)'pothese •. u .. fottUDltll)" 1I.lllIttl ••• 1Ie1 
tett.ble hrpoth •••• r •• ol.inc thl. _ ...... 1 blh.vtot b'''1 Dot bllG {orthe ... ! o. 
(lun" 1919). 

1111 luao.ry . dt.,[lIIl •• ttlc • .1 li,ratlo .. pla"I' ,troDI .t,rator l OD • dl.1 
",h.dule "bere ,11 'Iplct' of thetr daily 11fl, l'plclI11, tesplrlture, 
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h.6il'l" and puy eavlnMeat, an lIItl.auly Illlk.a6 to tI',. -.o .... nt. no. , 
1' ••• n'1'aUOI'l •• o:t..nl ... 61K" ... 6 .arlhr (LaMIO, Chaput 111) 1 .. ,Huta that 
th. co.phs .l.ntory uhtlonhlpa aU cerulllly bporUlIt 111 phosphor ... 
cyclb •• 

Pl!DAtOlY 't~Dt~C ItHAIIIOI 

!WU of .. ha t .. a kIlO" about pho.pho1'''' n .... tratloll th1'Olllh loopll11kto .. 11 
6.1'l .. ..s fr ... &:llparl .... t. vith berb"'orou. ,ooph"ku ... dIM to their Ulpo1'Unt 
u.uhtl00 of el.el dy ..... lc. (n. l.aMaJI, Ch .. pt .. r tv). hr le .. I, Uovo .bo"t 
p1'.dac.o". ' ooph,n .... ur ••• p~.pnoru. nC7<;1.1'" 

Th ••• 1" .. elt.br.t. pr.6.torl, . o. tly cyclopoid .nd c.l.lIold copapod., .r. 
no" Incn .. I".I)' .. I .... d ... tajor .truct"rh, force of II.MUe e .... ""lt1 .. 
(Lynch 1977; Kerfoot 1911" U 11 b). S.hc.tIDt fOI .... 11 ,oophnktoo pny, th.y 
t.nd to Itrl>Ct"n thl co ..... ItJ to" .. rd hr,er .peell1. C,c10pold •• n 
1I.lbl .. OfO,,' .. ""plU .od coptpodltt hltan Cl thro",h C111. thall .,,1tc: h to 
cernhory .. I adulU (Copll.n 1'77). Th. dulu prehr Aldl puy vitll 1'otlfers 
a nd c:o~pod "'''pll1 the palerrld .ro"pa (Confer un. Jundl aud rerundo 
1975 ... lt1'abb 1'71 . Cllbert and Wlll1 ..... o 1'71). eltho",h puy _hapt. 
C:lnp ... ' UfllIIth. pr.y IIcapt r .. poll .... and pahtability al,o .thet 
.alac:Uvit y ( Ll .",d Ll 19"). Cahoold pudltou alto puhr .... U fnlU. 
puy ( ••• . Kn!oot 1918). b"t riC,"" ... 16 ... c •• " .... ts .cae Ip.ch. puhr 
lar,at puy vitH .. delio.d It-H. (,....l1hl 19". l. ... dry 197.). 

Sd.cthl redllll bl"" .. lor for .... U pttJ "Ill lnfllHnc. pho'phor". 
fllanuaU o... le.dU.:.tIIlC COOlUliptloll lit 1arltr pfly or "Iloppy ll1luUon" 
pr •• umably 1'1.ult. I .. thl 1' ,1 •••• lit pt.y yl.c lr. 10to the ".t.r vhllI prlY .rl 
t01'1I .p.tt or ooly p.rtlelly I'te" .nd dt.eltd,d b)' both cyelopotd. (Ir.lldl .lId 
fun.ndo un •• 197~b) ... 6 cahllo ld l ( Alld.uOll 1910, BoVl1'l . nd WartH> 1971. 
Kufoo t 1918, LalldrJ 1971). t.;o .. of 41110hd pho.pho .... fro. d ..... ed 
100pllnktln 11 eoutdtubh (EppllY .t at. 1973, Mullll1 It 11 . UH). lundl 
.. nd fluilldo (1'7~b) lIOud tblt cye10POld ... I.U.ttoll .r1i'etell.:.t .. 6.n .... 6 
6r .... tlcllly Vhln pr.y h.d to be t orn .p.rt .t thl ~o"th. Th~ •• illltfleaot 
.... Ollllt. of pho'phor1,ll 'IY be loft IIOt only durinl t hl .et of h141111. b"t 
durlnl .,lItlon IS VIU. findly. lin atherlon fOf ... UIt p.lY n ... lts III 

10tln •• pr l d.t lOI1 pr ••• ur, on )""11'11 11 c: t".tICI. II , and rotifl., who., 
pho.phor"a I . e r,toty tat ••• fl luch hilh.r th,1I l .r •• r prlY. 

lotlf.r •• rl pot.lltl.111 .'" i.port.llt ,roup III outri.llt tteyell .... 
10t lfl1' • .c1'lrlon flt.S 01 41 •• 01 .. ld pho.phor". Irl 1IIIIrll1, hl.hlr t~ 
c funlc.11I .peelll (Ib rl"u .lId Ge.1I 19(8), ctwl, rbi. IrouP 11 couid.tld all 
{aportaot c .. ponlnt 1ft pho. pho1' ''' cye1111& d"e to their hl,h ,.ubol1c .Ittl 
( •. ,. I1.akauvi ca Illd Ukln. 1919 ). Sltll:'. t Ot UI" IU saall .od ulathtly 
l1ou-.,,1.11'1& fu,UI pr.y ccap.red to JUVIOUI cr"nlctlu . :hty 11'1 I 

prlferred prey o f carllhofo ... copepo4.. WI oud .ore hlo ..... :. lol1 011 thl f ood 
"Ib plth".y. thlY pa •• throuch lod tbtlt q".nt lt.tl ... roll 10 phol phllr". 
,sc t ltlo"'. 

'r.d'ClO'" zooplankt.l •• I c r e t. phoaphltl ptr unit of boJy utllht .. t 
htah.r ratts th ... herblvoru (Inn 191>6, M"llin .!!..!l' 1975). This It 'ur­
ptillal .inc. prey con ..... eeI ~y c.rnhor .. hay. hiahlr bodily ~; r r.tlol th.n 
phytoplankton ( M"llin !l .1. 1'75) . r lth.ps tbty •• crttt 'Ott altrolell I, 
o ri .nic. e .. p.rld t o hl.bl_orl. or ••• 1.11.t, pholphor" •• Of. efflcielltly than 
olttolen, For this "'.011 UCrttl OIl by e. t llhll rou. 100planlo.tOIl "Iff"''' f"tth.t 
st"dy. 
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I'OfI1U.t10Jl onwllCs 011 tOO'Lo\HIQ'OI 

'ho.pbo'~' ,,,.D.r.tlD' thrDUCh ,&crl,loo ..... tloo •• 04 loafflcl.Dt 
111. ... '101'1 I, probd.1, .""el ....... ",d 'u 'plcUtc wid. 111."01" .. thl 
~_o,n ph, of 100pl ...... toD. Anall (1916) ,.pautld the l00plan"'toll lIIto two 
.ro .. p': r ot H.n.1I.II cl adoelr .. II., .. ",d thl eopepod • . th. "'tU.u .oDd 
Cladoe.r .... u " r-ullOttor," ( lYe Arth...., 1912), .p'cle1 .. tth hl.h illtriD,ic Ut .. 
of lDeu ..... Dd adepted to .... 0 .... 1 or UoIlpr.d1<:tabl. u"lro ... at.. Thdr 11ft 
hi. tor, Pltt'[BI If' ch .. r"ct,rl,.d b, p .. rth.Do, •• tle r.ptod~etlo", .04 lbort 
.lIlti'loltt ... a Uft c,cl .. . th.y fOnl hr •• hl,IIl, "ni.bl . po,..lI[lol1.1 
rlleth, ... vitho~t U., 1,,1, to habitat c h"na'" Co""pode nl - .... - .. l..,.[on ,. 
vhlch reprod",. u" .... n' .at love r ru .... lid h.". 10ll,l;tf llIltl"oltllll or 
>IOl"oltll1, lift cyetu. TM)' r .. pood vtth rththd, 10"lu ttal 1 .... to 
.D"lro ........ e.l Chall •••• 

Oltl,r'De •• I. popul.,too char.ct.rllttc. 10. t ltke l, tr ••• 1.tl 111 to 
.t,Dtflelnt dlfflrlllcl, 10 pho.phor". r ••• o.r .. tloo durio, •••• ooal .ucc'leioo 
1rt. t_""r .. " l.ka •• od. .... lbe ... uu. latif.ra . od ClIdoClra Ire ..... u .od 
fill plloQktoo .to .. pt, I", .. hich .. f ... I,. c l .. v111 rapidl, hen ... 111 ", ... ben 
for .. fev .... b IlId t hlll d.cr ..... dr_ati, .. ny. to be followd b, .. DOth.r 
.... el ... ro"p r ..... Blctl'" tbla boo ... od-b .... ' c,c1l. Durl ... the upid .rovth 
ph ••• of th ••• c,cl •• , vhich o".tllp thro",ho ... t the ...... er. t ... roo".r rltl. 
('rod"c tlo .. / bl .... ,. utio./ tta.) .. n bl.h, "ceoullth, for thl .'Jorit)' of the 
phD.pho r". {I"" i ... tha coaauoit, ( •••• Kaklr.vic l .ad L1kea. 1979). 1D •• rked 
COotrl.t, the COpipod. hi". pho'phor ", fl~ r.t ....... r.l t18 •• lover. fhI 
d(ectl of th .... pure. of pllo.pllor .... fI, ... ratioo 0 ... ph,toplaaktoo .roveh h 
poorly ... nd.neoDo!. 'ndltor, pu .... re 00 f oUlI" .... I chdoc.r .. 11.1 ... y 
i",d inct l y eoatrol th." populatlOIl ..... d outrhllt n,llI.utioll pul ... b, 
trl".rln, t~ .~cc ••• l o ... of ",um.rlc .. l d.c r ••••• thro"lhout the 'YaI.r 
(Thrtlkald 1979,. Copepod. ,'y ph, .. d_Illlot toll h pho.pllo r .... [ ...... "Uioll 
d"rio. the uri, .ptioa. ..... ", the loopl ..... toll .... _bl". 11 d .. llllud by 
u.u,lt.r ..... d eo,.podlt. lo.ear. which ha •• r.l.tl •• 1, hl,ber ratl. of pho.phlt • 
• "crttloo d~. to thdr ... U .1u .od. rapid arowth. 

Another difflr.oc. belV •• 1I th." . roup. coaclra. p~.o.phor .... nl ..... rlt .. 
froo f. c .. l •• e.rl.l, vhlch furth.r emph •• I, •• the hl.h.t phosphor". Il ... 
throqh roelfln _ d&docu.II" W111l. cllplpod. ,rod", ... cOhereat plIht 
..... app.d 1 .... perlol roplc 'lOGbune, cladoe, u BI .. od rotUlu product. ,.Ult 
vIIleh b.ull. ~p u.:oedlltlly upoo n euc10a loto the ... tlr . 10tu1ttvll" 
... utrl.ot r.l •••• fr .. the r.pldly brok ... ~p f.eal •• t.r ~ .l of elldoc.rlaa .Dd 
rotU.u would .ppl.r to OCcur .t hi.har til .. thlll froc> co ... pod pell.t., ¥bl cb 
.,&dudly dilioUIUte frOll bacterid .tuell. TM tOp'pod p.U." ... , lin. II 
all Itf.ctl". 'eehl",t • • of , r .. o"al trOD the photic l Oll.. QuaDtit .. tl" •• tudl •• 
eOlllp.rll1, the" difhreo, ... re ", .. ded. 

Altho\l&h 110 c .. polttl th.ory eODc.tDiq tbe oehcU ... "".at ...... of 
".rtle.l .1ar.tloD t, tSOll1'lIt , f •• dlo •• tr.t.,I •• alld pred .. tor •• old ..... c . by 
zooplan1o.too .. 111 be fr"Itf,,1 direction. for f"t ... re r .... reh . c..p[.h ... tv. 
filld .,forl. would furth.r o"r tll.t,ht. ioto thtl blhI.tor, .Dd be.l0 to 
flv • • l the ,ff,ctt of the II,ruioa. 00 pho.phor". flin.fltl oo . ElIc nUoo .od 
l,e'tl011 r.t •• hi'" bleo oblerv ed to l"'cr •••• vith hl.hlr tlmper.tur .... od food 
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'10100:" sholl14 be h1Cl\ly <:o u elatld to thl r.pf04uctlY. 4)"11._1<:1 01 t hlse 
Cro .. "". Thl affl<:t 01 {otlfln , til partle .. lar, af. ,,"claar 10 thi s su<:<: ••• lol1 
;1114.4111:' to thlir vuy hilh pu 4uction rat .. , 4 .. ,rv, .pedal attention. 
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lSlAOOUctlON 

Pt1~'tplel of the predetton pro, ••• e~d th.tr IppI1e.tto~ to pho'phorul 
cyello, 1n lInt Ie .nvlronaent. Ire .u.aer1,.d 10 othlr c~pter. of this 
d oc ~ent (e.I ' ~eh3eo Chepter IV, Ns1,pI !l!l. Chlpcar VI, .od Sc.vl. Chsptlr 
VIII). Thl s", ti d cUt for !lIhn 11 prlllllflly upun , d 10 tWO v'Y" 
(1) FI . he. hsve lon, 11f. histOries rel.tly, to th. kioe t i ci of P cycllo,; 
their .. odulatinl affect. Ife ucond on ly t o the "bt,-dov" c01Ipooent o f 
•• dLalot-v. t et l,chln,1 r.tes Ind, vhlre .pproptlstl, to the flulhinl r.tl of I 
hkl (O 'Neill 1916 ). (2) FlIh populltloos are the object o f .. ns'''lot 
.snlpul.elonl . For IX;uople . nltur ll flpn.duct t on of cu.t ~ke ••• laoftld, . od 
the .. s IlIlprey .n eontln",,11y Ilt.rd thro",h fl.hlrt • • lan',.lnt; .. llonld 
stockl .re rlgullrly .nh.need from hltchertet .s recr ult.,nt .ltho",h o.tur.l 
r,productlon is l odes t Or non- ,x tstlnt; laaprlY popul.tlon •• r . .. tnt.lo,d It 
.. 1011111 leveh throuoh continuln, "' II of l;uoprtctdu. Conllquently , the 
q""fttlutlu .fhcts o f predltloft by fhhll .re 1Ir,el, controlled thro",h 
•• nlg .. ent pr.c tl cl" 

aeeeOt Iynthe, is plperl Iddte.,lnl the role of ,al .. on ld pr.dltloo 10 
.truc turl", LA~ K!chl,IO" fi . h 1.le .. bl.,e (5 tew.~t et I I. unpublilh.d 
•• nufer lpt ) s nd the co" ttnulo, l .. p~ey cont rol pro,u.-(valtcrs .e .1. 1980) 
dvoc.tor ." uplril .. "tll .ppro • .;.h for "",,sl.e~t prolr.,. If cu,t;Uy 
conc.lv,d ... odc 1e4, .nd lo"itorcd •• uch whole Iy.t •• experll."t , could ptoyidl 
'Ijo r Inll,ht ioto pho lpnorul d,na'IIiCI. 

Th. ro It ot fi.h. , 10. pholphorul C)'Clinl II tho .ub ject of t\lO ncont 
revl. v, (Kitchell .t II . 1979, Neka.hUII 1980). Th. roll of f l lh .... y be 
,,,,. nlly desc rlbtlduOder four • • j or hudinl': ( I ) ucuto r1 r .. tnenl!utloo 
of P, ( b) ICon,. snd tnnslo';'lt1on of P, ( , ) ,eleeth. ,rld.tion b, fllhu . 
aod ( d) pr.dleor Ifflctl on cosmun! ty 'tructur.,. tach t opIc will 11t.,r be 
dltc:u •• .,d In Irlltlr dltlil. The •••• ive dilution .04 11xlng r.tl. of Crl.t 
~k •• v.tl r . redUCI ( . ) .~d ( b) t o r.lltiv.ly .ino r ItstU" AlthoUCh •••• ty • 
• ortil ity (I .", IIIVif. di.-off. ) .. y rt.",lt 10 lubltantl.I fertlll,.tlon, the 
Ifhet. In 10cd I nd o f lU llr li,niflClnco th.n contlntlQuoly I c tln, '"d 
potenti.lly dyn~ic proc.sse •• uch " t hose ••• oci ated vith the role thlt 
f hhe. pIty IS preduon. 

S.l.ct lv. pr,d.tion proc •••••• ublt.nti.lly d,t.,r..ial the ,1'.-p.rt1.;.1, 
di.tributioft o f prlY t rophic 1.y.I.. Pho.phoru. flux r.t" ar, typlc.lly 
inv er .. ly r,head to . ua parclch liu. "~.ystooe pred.tor· (hili" 1966 ) or 
polypha,ou. P~lditor (H •••• ll 1978 ) Iff.ct. on coam",nltlll becOG •• pp.r. nt •• 
do.lnlot cOOlpt t1tor •• r. lel,ctively rl.ov,d by prldltlon , ther.by .Ilovtn, 
co.xl.t.,nc. o f •• Orl divlr •• ,peci •• 1 •• I .bll •• l"clud!", ••• rilty o f life 
hiltory .tr.te,lll. 

The r .... lt. of IXPlrtalotll Studtl' (Hurlblrt .t a l. 1912, Coop.r 197), 
l.rt,ll 1978) hlv. l hovg t~t COOS Ul l r af flc t •• r. 'ilifflc.ntl, "on-l!o.,r. 
Fo r e~ .. pl e, .t lov pr.d.to ~ dl".iti, •• pr.d.tlon play, a . I oor role 10 
nutrient cycl lnl or pr!alry product ion proc, •• es. At intl~edl.te pr. d.tor 
d.ollt lel, hovevet, the pred.tion proc 'ls cln dr_Itlc,l ly .t!aulate nut tlent 
cytllng r .tu snd Inh.nc. prod uctivity plr unit o f n .. trltnt. In ,lneu1 tenll, 
thl lechsn1.m 1, aan i f ,. t II I seril' of pr,d. to r-ioduc.d l ort.lltl ••• od 
.Il.ctlon proc •• , •• th.t reduct coapl ti tlvI Int~rlctlonl betv,"n the prlY, 
thl r.by .llnt.1nlna pre, populations i n the 10,atltbl1c ,rovtb P~'I. AI. 
con" qu.ncl. t"'no~er r.els r ... in rap id, I div.rsity ot life hi.tor y 
Itt.te,t •• 15 .... elin.d, and' ,ycllni ~ ff lcl.ncl •• Ira hllh. Sut at y.ry 

" 



· . . ._--

ht.nat l."d, of ptedaUoD, puy 101 ..... Un btl ... blunUall,. d.pu .. ..t, a. 
local •• tloctlo"a wl11 t •• ult In red .. "ed 4i".rlity lod 10v.r .colo,le. l 
afflclencl... ProdllCUolI proc ..... tJ.fI \lot tither MI1'I11 .. ,rl.U. or . .. u.l, 
d.pt •••• d (Kitchell !i!l. 1979). 

PlIOSPllot.l/S IL"IIlfEI.ALlZAIlOIi J'( FlSIlES 

EllcnUon 

Eltl •• t •• of Ut •• of pho.phoru. ,,,cueloo •• ¥till II au •• pu to •••• 'n·. 
fon.. of P •• e r.ted are rlr •. tq~111 'Iportent, vartebille, 'I , .. blt,ntl&! . 
r .. rthereore, •• er .Clon aDd .'.'tlon ,rt oft.n not •• plrlt.d, _nd th •• I".rat 
t.chnlq ....... ployed yield ra ther d1fhrlDt , .. .ut.. Short-tu .... tur .. 
(1-3 bt ) o f tJl.cntlol1 by n,,, ,otly captllud fllh ,eneraU, ,leU hllh Ut .. but 
Ire .u'~tt d". to the unk~VD .ffectl of clpture Itr ••• aad haadl101 
(1I.~.hl •• 19aO). Wbltled •• and Packard (1971) leported eK~retloo l.te. of 
,ha'fhor~. {rOG .ochavl •• 10 P.c lfl~ upvelllQ1 leatoO' o{ 2.1 .. ,ha.photu •• -1 
d.y- on. dry wel,ht b.st,. For. v.ri.ty of •• rine {l.h •• et bl,h 
t .. perat~r .. ()l50C), P_eroy .ncl J:1I.ader (1969) fO\l.lld .0 ucr.Uoo ra .... of 
0.008 to 0.' q pho.phor~1 .-1 4.,-1. b cn tlon raus d.n.d, 4ech" for 
cup n~. flO,. O.H to 0. 27 III pho'phonll ,-I d.y-I (t..-arn. U'S ) ....... 00 
•••• ur •• of P r.l •••• d~rl .... terv.tion ( I ve. k) of bl~.111 .unfi.b, I:oooe • 
• ad S •• 41.r (unpublllhe •• aDulerlpt) Obtllnld • "'0 .~r.tlon r.t. of 0.033 q 
pho.phonll .-1 day-l I t 11OC. 

a.lec! 00 llboratory Itudll' of blue. til .uofllh, IK~rltlon v •• found to 
lecount for .81 of the to tal pholphonl. ul .... d by both uentloo aod e.utloo 
(J:oo O~1 .OCI SeIdler, unpvbl l .h.d .&nuacllpt). £.tl •• tlcl by dlfflr,o~l. P 
IKerltion by Yiliov perch v •• 2-711 of tot.l for I,er.tloo plul •••• tloa : the 
.vera,1 of 15 trlllt VII 501 (lIlkllhi",. 1980). 

tn .en. r.l, r.t'l of P .Ief.ti on .r. ,ocIllt loap.r.d to •• cr.tloo bJ 
lonpllnkton. aovI¥I[,' clenl •• chool of fllh a.y erl.t. loc.l .oricha.ot 
(Whi tled;e Il'Id hekard Un ) . The relative bporul'lce of thh .pectll ell' 
rl.dol undet.ralold for fre. hv.ter .y"te .. l. 

£,lItl00 

Du. to chdr rapid .1011.111., ratll , f.~al ,..ll.tl tlprellat e pot.ntl.lly 
~port.ot ... eh.oir.. vb.r • • • t.rlI1 too.~ed III. the p.l.,le 100e II 10.t to the 
.ec!I .. II>t. . looplanktol> f.eal pellett If. M OIIII to be •• 1,Il1Uunt v.ctor 11> 
.erln. s,st"'l (Turner .nd hrnoa In'J ) lDeI h 'COe btll (I.1tehdl .t .1. 
1"9). Aa _peeific COOIU4pt1011 rat •• of fl.h •• are .ub.tlntialIJ 1 ••• ~h;Q 
tho •• I>f ... ll.r .nll.1., the quaotit.tiv. rol. of f.cal pellet 10"" are 
UDdoubtldly le •• , but have be.a eltlalt.d by ~kalhla. (1980) to be 10-25% of 
tot.l d.l1y l.di3.nt.tioo 101. el 11> L.ka Mem phr ... aao.. a.rblvorou. fi.hl' In 
, h.llov Vlt.r hablt.t. Incr •••• net •• di3ent.tioo I>f d.trlt.l pholphorua 
(t. rr l ll .nd T'[[lll 1'J' ~) th.reby Inc r •• slna ' cone.nt r.tlon In .urf.c. 
aedia.nt. (Su:lhy I'J"). Th. r elativ, i_portlnc. of thl Hchaoha rllllta, 
rar.ly •• tillt.d and v III vlry vith tbe fl>od habit. of fi . h ••• nd the r.tlo of 
fl.h bi~'I' to llkl volue •. 

Thl dOQ lOlnt for. I>f pho.phoru. r.l • • led thrOulh .,.'tlon Ind .lcr.tlol1. 

.. 



41ppU.rs to be soluble re eetivt pllo.pllo ..... (Sap ) . hi 41 Hildy o f e 4lrp lIleretlOo., 
l.aIIuu (l91~) found SOX o f total pho'phorul tduud to be SitP whteh lIIOu1d be 
41vdhblc fo r d,ll "pt4lk.e . loone. 41nd Sedh . ( .... p"bU.lled c4Io"actlpt) cleo 
.eport.d tn. t sap Ve' a .1,nlfteant (r4le tion of the totel pho ' phot". r.l •••• d. 
They found th4lt tht SaP f.aettoo V4I . t oo.l.t.ntly ne. r ~Ol o f the to[411 
phO'phor"$ relt4ls~d. Gentled andY5i. of the ...,ltculu fonts of the .oluble 
o<aanic f'lcti on revealed a do~iD&nt lIiah coleculat ve i,ht fraction (> lO,OOO 
l1W ) and 41 low a ohcuhr wd,ht fraction ('.6.000 l'N). 

rc.pc r 4ltuu dependence o.f pll<aphoru' relent by fia~ h ... not bcell wtll 
.tudi.d. Koonc. aCId S.adle r (unpubl i.hed .anu,cripe ) o.bocrved that phcnphotu, 
r.lea,e declined vitll deerea.inl [e.pe ra ture ( 2S0C VI. l10.C) , but thct thi' 
relatio.o.hip seelled to ref l eer the t .... p.rature d. pendeoet of co.n ..... ptio.n. I n 
i:tneral, they toomd that tile specific pho.phor .... rel.an r ate vac a 11l>ear 
function of .pedfic co.nsUlllptioo rau. EfHci.ocy o. f pllo.phor ul a l. iAnatio.n 
a.y .110 very .. ith consUMptio.n rate. At lo.v con ..... ption rltel, loonce aod 
Seadler found a n as simi l atioo eff iciency o.f 33 X. but the eff1ci .l>cy a pproac lled 
80% at hilher feeding rates. Na ... hl • • ( 1980) found that at dietary 11evcl. 
from l.1-3.1 g 1/100 I dII food, yellov perch . a iotaioed 41t 11mil.r ration. 
(l.S% of body .. ellht day- ) and cooltant te.pe r ature. ( 12D-210C) had relltively 
.imil, r Ib.OlptioD effici.uci •• of 71.6 + 7.2 %. 

In overvie .. , tarefully cootro.lled lad complete e.peri.eotll detercioa~ion 
o f P nctetioo aud elntio-o rltu by filh rmaios uo" .. plued. Altho uah of 
plly.io.lolical inttres t, the rate. reported to date are ,enerally .0 lo.v •• to 
be of little ecoiogicil conseque nce (Kitchell et cl. 1919, Na~lhima 1980) 
except unde r the r.re co.udi t ioo. o. f a I ltge bio;.ii of fiih eo-ofined t o I 
rel.t i vely sa.ll vo.lume of vate r (Stloley 1974, LcII,ryl 1975). 

STORAGE AND TRANSLOCATION OF PHOSPHORUS 

The P coottnt of fi sh bi ..... i . ,eoe'ally 1-4% of dry v' i ,ht; i.e. 
1-4 th,e, that o.f typicl1 iovertebr.u pr .y. acCIUl. filhe s are long-Uved .nd 
heve lo.w ratlS of P turnove r per unit •••• , lilhe' c.o o.perate IS 1 pho'phoru • 
• ink . In shallov productive likes, filh bio. ... can be the .inlh lu,tlt pool 
of phosphorus in the lLo:onetic ro..... Kitc hell et a1. (19n) .. .,im,Hed Lake 
WlDira's filhe. to contain 70% of the tota l pelagte P dur ing sum. er .onth •• 
Na ..... h!"a (1980) cstiooatcd the Lake lieaophre::oagog fish popuhtlons to. contain an 
amount of P .ppro.i3et.ly equal to that of the total .e.to-oie P; i . c. 50% o. f 
total pehgie P. Lair.. :oorphology aod pr odu<:Uvity Ht obviously iaportl-o t 
det.rminlntl of the rtlativa amount o.f P Itorad io filh boomcla . 

!!igration. agg.egatlon, and pul.ed .or tality o.f fi.he. followed by rapid 
decompo lition cln yield lubstantill locil f.rtilization. Approximat.ly 50% o.f 
the p .tored 10. l ish bi .. asl, hovever , is apatitic and thereby refractory to 
decompo.ition (Smi th !! al. 1917). The most dramatic ISIDpl.1 occur vith 
InldrOllOu, fi shes . 

In summary , the effet t . of P .to ra,e aDd tran.lotatio.n by filII .ppear to 
be l ocal Ind s hort-ta~ . Sawever, significaot whol.-sy,t~ implic.t ions 
rallud to .ohanced rccruit .. ent cln r nult in iruter dtniitie. of 
si za-sele<:tive predaters who.c eff acts . as developed in tle follo .. 1n* ,.ctlon, 
can prof.,undly Infl ... nce P cy<:11,,& 1n .ub5tque~t yeart. 
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TII£ "nCTS or SlU-SlI.&CTlVE ru:~TIOI 

Th. ,reat •• t potlDtl.1 t.portloc, of fl.h., 1. pho_pboru. cycll .. 1, 
thfou,h their roh II nl.ctivi pndaton. Th.n 11 .... btuDtlal aud dbu .. 
evid.ne, of the li,olfieaot eff.ct of ,ellctiv. predatloo 00 planktooie 'Ylt ... 
(Hall ott a1. 19760 , . orur 1971) . 'Itlra (191) uvl .... d thl llportaace of 
loopl.;iton body 1111 io P cyeli",. The dr_uic eff.etl 01 peedatioll 00 
looplankto .. an .. bla, .. llav. bt.n d __ .tntd , ... yu._ n",i .. fro. _all 
polld, tn the lar,l.t of lak •• (I.,. Villi 1970, KcRauaht aDd Selvia 1976) . 

&.rtel1 a .. d ~ltehlll ( 1978 ) I.tt.atld th.t , flu. throuch aD .~ulv.lent 
biOla •• of Lake Vi",ra looplanktou .. y h,vI bt'D incrlaled by a. luell &I 40 
fold d~ to inte"alvi lill-Iel.ctivi prld'tloD. [nhlnCld productivity iu 
turopean fhh poDd. i. IIcrlbed to the iDcrulld "ucrilot cyclio, uu. 
Iffectld throu,h li'I-lellctiv. prldltioD by cypriaid loopllnktivor •• (VOIDY 
llId Crn1ulk 1972). Shapiro at d . (1975) UIU.d that pndnioo b, 
11u-aelecUve ,.rch .lao .0h,iiCl. did prod....:t1vlty but do .. 10 by 
IfflCtiv.ly r.I."lna phytoplanktoo fr~ the ,rail", prl •• ur. of • la'i. aod 
"bUDdlllt zooplan1r.too ..... 1011'.. ThUI, h MIl. hu., lot ..... pr.datlon "Iht 
reduci the uti of ptoolphoru. ucycl1o, thro",'" ud\lCUOO of .00pll .. kto .. 
bl.as •• 

lartell ( 191$) .. lao .... ad hutl ' (1975) lOde! to IItialU thl t.,.et 0 .. 
phD'phoru, laerltlon rite. of •• Iectivi pfld.tll1o by fi.b •• III ... er.l 1.11.1 •• 
"lid on the data IIf IIIU, ( 1970), dl,,1I. "d....:.d ~ .... KichillD 100phllktoQ 
du and blOiall to a level .uch th.t toul pho.phorUI n~ throulh IOOphQ1r.tOD 
".1 red~.d by lbout 50% durlns hi,h ( 1966) Vlr.u' 10" (\954) .bundaaee. III 
all"lfe. L ••• dram.tic ch .. ",el ".rl t.tLa,tld for other laklt (HutchinlllQ 
1971); ,1x of tea ,hllved 10",e pottot id iaer, .. e 111 P flu. d ... til red~ld "'Un 
. h e of zooplanktoo "hieh .... not ofll.t b), .~u1vde .. t ,,"ucUo ... of bi""' .... 

I l rtell aDd Ireek ( 1979) e.tl"'I,14 froe theorette,,\ .od llpa tLaental 
avidlQc. that IvlU whole-.y.te •• cyelina ratl ' .iaht vat, "P to ClIO fold due 
to thl efflctl of leIec thl pred.tioD. ,utho",h Ra1r. .. h1a1 ( 1980) dlaco .... ud 
.IIICtlvl plaoktivofY •• Laport.ut i o ~ke K .. phra:llol , hI, ttudy "ld .. ot 
conlid.r pl ... ktivory by juvenile ft.hl. aor the e~ rl~c.ri.tIc. of P cyelinl io 
I .J.t.", not cootlnuou.ly ",anlpulatld by fi.h prldatioa. 

Experl"'l .. t. l Itudl.1 Cllnductld to 11croeoIQa provlde furthlr .upport of t"'. i:aportaot roll of pudatioll by HI"' .. 10 prolphoru. eycl1",. Hurlbert 
It II. (1912) chrooicltd dr_atic ChaCl," io thl Dutrint 'Utu. of Iy.t ... 
;;lIlpulattd by thl .ddlttoQ of fhh. Cooper {UB i d ....... tflttd .lLIIauced 
prt"'lty producthity at lot ..... edhtt 1"111 IIf Iru1", by " "'arbivoroUi fhh. 
III IIO.ral, aDy .an1",I.tlI10 of l ooplaD1r.tlvllrDU. l ! eh ,..~atlooa will r •• ult 
io .. hired phD.pIIor", cyel1",. Th.1 dluctloo aDd. lU&D1tud. of cha",e will vlty 
dlp'odiDI On the .Ylt .. , but .. ill be lO.t ."oll'lt 10 the 'p11Laulon. The 
eflect, ho_ver, Clo .. liD Uttll" to Othlr ... b'Yltell' ( •••• , hypol1.Goioll, 
Itc tllral) d .. e to thl lobility .. f the con'UDtf. and the dYOllic. of "ater "' ••••• 
(Kitc hlll at a1. 1919). 

Th. ertt'iCd IItIknowal rIVIIlv. around. ,",chaoiltle ducrlptloo IIf 
.ellctlve predlcioo proce'le. appropri.te to • lpacific trllphic e.eha"" 
(V"aderploll "lid Scavi" 1979 ) .GIi ao •• " .. Doable utiaator{. ) of potlDthl 
bioea.1 dY"' ... ic.. Optic.l forlll", t hlory pro~ldt' I freolvor1r. for tht forge, 
( _ero.r 1977 ); the blotl .paclfie to I particull' l.~t dial"li .. o th. r •• po .... 
lurfac •• 

Thl docUD.at.4 •• I.ctlvlty of pi. t ivor •• , 10cludlua both oth.r fl,h'l "ad 
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•• n, c.n .ff.ctively structure fi.h popul.tioo, aod thereby .It.r .bundante. ot 
the looplanktivoro"l fon ... the .aae lIeed tor ... chanhtic. predictive 
prillciple •• ppliel. 

PRLD~IIOS. C~UNltY SIRUCIUai, AND NUI~lESI CYCLl~G 

Ihere e~l t t 5 • v~.t ~nd groving literatura, both theortt!eal Ind experl­
.. ntal, addr.'lln, the r ole of predatioo In re'Ouree utl11,.tlon p.tternt and 
.pecies packln, i" ecolo,lcal co ... unltiu. The lIechalllslI(' ) , orl,ioa11y 
described by Paine (l9hh) al a - I<&Yltooe - prtdator eff.ct, have lublequ.ntly 
been .labor.t.d. but tht central theae remains - - predltion c .n enhance pr.y 
diverlity by .alective reduction of luperior competitor , (e.,. receot review by 
GI •• ter 1979). Consequently , ~ore prey Ip."ies OIY coelist, allowing I greater 
divertity o f life history Itl,es aod It rlttgin to per'ht withio a given 
habitat. Ihe lattn consequence has pot eo tially upon ... t upl1c.tionl in 
eplll1n.tlc envi ronments where reso .. rce availabllity lIay stochtost ic.lly vary. 
Inp .. tl include .llochthonous P loadiog froo Itotll rUDOff or eotraioment of 
hypolillnecic wat.r lIa.lel. Continuous ( but ioterm.dilt.) lave 11 of pred.tion 
allow mllDy 'ptcia, to coe:dtt at pop .. lation daodtia, appro,,1IIate1y opctaoal for 
auataioad re.o .. rce utilization with lIodalt t04petit100, yet at population 
deol1t1u .uffltitot1y l .. ,e to respond with .Lllud 1., to pw.ud incnaaes In 
resourte IVlilabillty. O .. ltOIl (1919) discusI.d the role of frequency of 
dlsturbance, cDlllp.t1tion, aod predaHol1 ill ... 1111tl1n1111 hl,h diver.ity and 
hiahly prod....:tiv. populationa undar dyn&lllc eq .. illbriUll conditlons. Thi, 
cOliplexlty of interactio, .... chaoi ... se~ •• pplicabla at other level. of 
aquatic: trophic uchange ( •• g. HcGo"an and Wdkar 1979), .. _11 as 1~ urns­
trial aystems (McNa",hton 1979) aod aqult i c aytteas (Cooper 1973, Port.r 1977). 

O"lton (1 979) argued that what had appear ..! II cOflf11ctioS evideoce (l.e. 
aOile atudie. d~onstratilll 10era •• ed diverlity al pred.tioo prel ... re ioctealed, 
other atudiea de~on.t ratins tha r everse) 11 ... p1y reprelentad either the 
•• cend1111 or descend In, li.:llb I)f I total !uponle thtot 1. u:ll.Jllodal. Divarlity 
11 enhancad at i c.ttr:udia.te ltvel. of pradation. as represaot.d io the Iketch 
belov: 

Diversity 

Iotarm.diate 

Pr edation prau"ta 

>ti.' 

Productivity per 
~ .. trient unit 



the .k.teh a110 d .. ooatr.t., a ,.0.r.1 r.1a t ioo.ht, b.tw-.o pr ••• tloo 
lot.nalt)' aod ,rodIKtlv1t, p.r ulllt of outr1&ot dllllar to that darlY •• fr_ 
aKplri •• ot.l .tudi.1 of al,al ,ro.uettoo UD •• r v"),ia, tot.oaitta. of ,r.tlaa 
'n .... n b, • hubhoro ... fl.h (Cooper 1913). tha ,naral rnpoo .. 11 tha 
butc tanant ot •• d .... . ustdoed hlonet .. , Itrat.,t .. deuloped for fllh.rin 
(1.uki n 1975). iIovavat, tha lIaKl ..... y1l ld I, ranly IUlui oad over lon, t lal 
pltioda d,,* pri.artl, to to.t.billt! ••••• oc lat.d with .tocha.tic eff .etl 00 
ncruil;;l..ot and th. het tl\.lt fi,h.rt .. U ka 10 .. ,-11\1ad pra.ilton ha' .. , 
lublu .. t1&1 pnd.tof, loarth (5tavan !!. !!: UDpublhh.d .. ou.c ript ) nLatl"l 
t o tha . ,oaaic, of th.i r pre,. 

tha , r.at.lt po.ltl., f.adback of outrlaot e,e lla, rate •• ohane.d b, 
"hcth. predatloo occun .t lou .. edl.te l ev.h of pradattoo >th.ra hi,h.at 
dlver .it, II • • lntlln.d. tha diver •• fot.g. baa. supports 10 Iqu. l l , div l r.1 
•••• lIbl.'. of forl,lnl Itt.ta.le'. PopulatloOI .ra eon tlou.ll, rlduCld b, 
,r ••• ti o .. but to l .val. char.et. rl,ed b, the 10; ph ••• of r.t. of iocrla •• an. 
rlpld r.te. of turoover. O .... l tl •• of ... riou. pot .otl. l eOlipetitor •• rl hl,h 
.aough to \)t,ttat ritll i taod r.duetl .. o1 throuah . toeha, tie dh <; t . (Ch . .. o .. 
1918). Ka.n .ilel of lodlvldual. ar. luffiel.otl, lar,. t o •• iotalft hllh 
ra,roduc tiv. pot ... t l.1 ,.t . an.ral l, lIuch .. all. r than th. t for •• 0II10.ot, 
,.o •• c.ft t populat l oft . ~cordi"II" Ii t a-t.lat.d outrl ... t f •• dbaek •• e h.ot .... 
optr .t. at r.lattv.ly hlah r.t ••. 

Lo .... r p.dltio .. rat .. tlluIt 10 lovar div.nit, ..... to ia<; ra .... coa-
, at!tlv. a. elu. l oo. DoII!o.ot eo.petltot , dav.l .. p I.r, . ... d .Of •• aft"e.nt 
populatloft'; f .... r Itt. hl.tor, at r lt,.l •• ~tlt aod fe ... r trophic liokag" 
7i.ld f.ver aiteroatlva out rl ... t fa.d baek pa t h~a'i . Conl.qu.at I" at~ha. tl<; 
I"""t .. , h.ve • lo .... r probabill t , of .ohaoelog ""e cOllpoo.at of the <; OOlIIIUDlt, 
or, If • alg'llve event , • hi .har pr obabillt, of f urthe r . a<l ue1oa di ... t.lt7 . 

V. r, lftUall level. of , tldation al", r ll>J.lt 10 lo ... r productlvlt, d ... t o 
ovltuplo l utlo ... Prillar, ,ra, .ped .. populltloal an deprUlld, ,od 11,. 10 
t he Iroveh napoD" rnul t 111 ta ... Hiel.ot utili"t l o" of ,ul,1<I ralourc • 
..... n.bulty. A IIllhlt probab ility of local utl<>etlonl due t o ttoch .. t1c 
. v.nta ullt' d .... to •• duc.d I,.ciflc populHioo .1u. (CI .. aoo 1971). 

Th. ,ropo,.d rel.tionshtp bat~.eD productl ... l t , per unit Qut r l.ot lad 
,rl<l..cloo Inuo.lt1 Vlflu .n th the annual e,ch. s..", .. al lu<;cu,l o .. of 
plankto"lc t ora l t~ '>J.lt. 1" t.pldly ehana1o, optima coafouBd.d b, the 
eO- 1V01utloa •• , history e>f or' .... h .. . lovolved (Porur 1977 , Utehell .t al . 
1919). Ko •• rau pred.tion prallU" lhoul<l, ho~.ver, aoder.u til. ,uc~.-;roo 
flUI t hto"lh tlduced eOllpetltive . 1I'1&<; .... nt . ht"fltd o",u .0 .aoual 
c,<;le, the cuaul.t lv •• ff.<;t .hould 71.ld 1 .r •• tlr to t al productl.lt, .od the 
hilh'l t .f t i e l.ae, of out rt lot e,el t na. TII ti •• nlr.l •• chaDI •• 1. off . r.d 'I • 
h, poth.lta t o be ."alu.t.d 10 .odell", uare1l11 .nd aKperia ... uUoo. 
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~caOIEMTlO$ AND ItOTVlAATIOH 

lioturbation 1t the .e~hanlctl .izl ... of thl led!.entl by tbe burro v! ... 
• tld feedln, .etlvltill of tile benthot. TIIo\llh .tto- IDd .letobeotho, •• , t..ve 
.. _. tole In blot "fb.tlon, 10tt of the letutl lllllln, proce .. 11 • ho"etloo of 
tile ,.c.oNothol. ~fttculttl, tho .. t&a • .ntll body dlallll1o,,1 ,unly 
l!lendl", til. dn. of til. ledl.alllt pttti<;l... Sueh Itifrl ... lethltha had 
t o botll pllydcll ~nd cll .. lc&! c~o, .. tll.t alter U c!I,,,,1 proc ...... 
l ioturbation loct •••••• izl .... od .xcll ..... of lot.r.tlll Vlt.t. f.~illtlt., the 
l~port of oxY,I", .ff.et. Eh .nd pH proftl ••• lod .It ••••• dla.ot .truc tu ••• 
Th ••• ~h ....... 10 turn, .ff.~t t hl r.t. of pho'pho.UI •• 1 ••••• ttb.r by 
locr ••• lo, ,xchan, •• 100, cooc.otr.tloo Ifldl.otl or by cllaQ&lQ& the .olubil1ty 
of pllolpllorul cOQpDundl. 

~d.s of blotufb.tloo ,f, .pe~i'l 'Pfeifie. Th. 1,p.ct of I plrtieullr 
.p.ch. d,pltlch 00 Itl .111, fndtQ& 'ylt_, .nd d.pth of penetrttloa. 10 the 
oe.ellloee Crl.t Llkel, the .a.t .bundlot •• t robcotlll e lora •••• t he otilo~hI.te 
von.., I.pecl.tl, io .orieb.d ..... . Th ••• d.po. it·t •• dlr. typlcltly iQ& •• t 
.. dlaeoll below till .udac. (1-~ 0:1 ) , th.o dd.c.te It tb ... dl.a.nt ...... tcr 
inu.f.ce. TIIu" lac,. vol lD" .re ,ovld up ... ard, .tt.cthel, "recycllq" 
b ... l.d depodu fo. further lI.oble .1oerdhltiotl .lId llutrllnt r.h ... ItId 
.blorptioll o f DCV IIlt.rlll. . fb. flc.l a.tlri.l dtff.rl I" Itt cb .. l.tr, .nd 
ttrllCt .. re frOl the undul71"1 .. dla'lIt, in w.y' thlt e""."cI I.1crobl.l IrQVtb 
Itld I1I1.nllutioll (lrlnkhurtt 1911). K1zI.., of till upper .. diant. ta 
co.pl.t. , II .~ld.nc.d by expe.I • • "t. ull01 r.dioactiv. tr.c • • 1 (lobbio. It cl. 
1977) ."d polle" Ir.l"l ( O.vll 197 •• ). The lIQuot of .editeat rlvorked caa be 
put I" per.pective b7 COIplrilll lt to r.tll of d'POlitlllo. In cb. profuad.l of 
uu Huron, til •• ""ul1 asount of udlaeot nvorkd b, tht h.brlculid oU.o­
chllte tn th. upper) ca of IIdl.ent .... fo .... tia .. 

r.t. (tr.,o.ki .t .1. 1971), lod ill 
VI.t.rn uke Erll the aaollllt r.worked by tubltlc!d 011loCbaet •• VII tea tit.1 
,r •• t.r (71.II,r 1979) . UDde r optlaum co!ldltloa •• tId .t d.",iti., found I" .oa • 
..... of th l Crut Llku, l.bontary u.perl.llIti lI.v •• 110 ..... tbat t"bHidd. In 
c.~.ble of reworking the tOp S ca of aedl.acot .very 2 lleek. (JokCall aad Phher 
(971). 

fb. ,hYll e.l tfhcu of sldl.ae"t •• VllrU ng by oli,oehl.lt .. c,,, hi 
prDfound. JokCdl aad ' hll ... ( 1910) fo,,"d th.t virtuilly III .. db.ot 
p.opertils thlt tll.y ", .. i "ed • ,editeot ,r.lo ,ill, .Ittli", .Ilottty, 
•• odlbllit, . poro.lt" .nd peflle.bliity - Vir •• ltlr.d by flctor, of It 1 •• ,t 
tWO to IOII.tl ... tID Ilr an .. b, till prunci of tubltidda. Tbl cooticuo", 
d.polltio" of f.c.l .. terill H thl .. dlant .urflce produce .... Wlc_plct.d 
I.,. r that It ••• ily rllulpeuded by bottoa curreot.. TIl. 1lIpl1c.tlon of th •• e 
I ctivlt!'1 VIIuld be .r •• t.lt 10 th. n •• r.hore vII.'1 the ext."t of 
willd-,.n.nud acd1.:a."t traospon aud thl pll,dcl1 "1'''Cfatio" of , bav. be." 
.?tly d~onlt r.t.d by L .. Ind J.quet (1976 ). 

aesld ••• It. r ln, the cha •• ctl' of th ••• dil."t. by th.l. b~rowi", .Ild 
f •• dlna, tublfleidl activlly pump .... t •• throuch th.l . bu.rov., .1 tel. tid til 
t"plrator y r.qulr~."tl. Alchou,1I .ucll .ctl.lcy do •• COt rlpret."t bioturba­
tion It1 thl It r lct ,.0 .. , tll .. e 'O_.enU Inc .. aSI Ixcblqe bnv .... nutrh"t­
rlcll int.tICltl.1 vltlrl .nd til. o~erlyi", "'t. rs, 11.dln, to 10c ••••• d 
d lffu.lon lIon, co"ce .. tflUOII ... dilntl. In polluted Tn.ooto Iltrbn~. vhicll 
111., ." .xt'I •• ly h1,h tublficld dlnllt" til ... ouat of vl te. clrculat.d throuch 
thl .. dilent t 01 .. utlalted at Mt ..... " 114 and 291 ilL ._2 hr· l (Vood 1975). 

" 
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., ..... '~ •• t.n of tu c:.: .. t Leb., tb. "1U11t or,aD.l_ 10 
.,b.1p04 raAol-.l, burro .. h tlMo to, 1-2 CIt of •• ,Il .. at 

m,";;i~~~ hto tb. O'fulytq .. tara. 
n.v..,. .... U •• ot particlAo ..... proaptH bbb1.. to tb_ 
•• 0lI. ·Hd, dUfv.l1oo· ,",OC.... b tba IalUe, a &.0 .. 

....... 01 thOl bott_ baa '11 .. 11 ob.arnd h .r •• , vith 
afUah UalLlr 1977). lb. affaet of thi •• "illlllt OD 
e.1I be darh.d froa labor.tor, aperL.aIlU; ."L..ot eOIl.1Iralltl,. 
lad to hUN.1oCI ,ha.pborl&O rolla ... 

Otblt _robaotMc CoapollOllltl hcl .... a cb.iro .... id. aDd pol.cypode. KID,. 
'pOle 101. of tbe fona.r lroV.P build •• rt1c.l b~rroVl atead1q fr_ tllto .Ht.aot 
.ud.ca to a dapth of 2-3 CIt. Whih tb.n I.rv •• do oot cootillv.all, 00"01 
p4rtlcl .... 40 tha tublfle1dl, tb.,. p .... p oore vater tbro",b tlla .Hiaallt. 
110ce c1rculat1011 1, requlred fot botb foad1ua 01001 ra,plrat100. t ••• aDOV 
(1964) repottad that chiroooald. et •• ted ozidiaad Dud tUbal to a d.ptb of 10 eo 
( ... t lpeelal probab11 affact oa1y tba to, f.v eo) .. 01 tbat thi, .ctl"lt1 
,teatl,. 10ctaand tha ulan. of dhaohed ollie... 10 Id,BtlOll., tba _er,.lIca 
of adult cb.iroGODld. hal .. l .. edl.te .ad proollUDcad .ffect 011 autri.ot r.1.a.a 
r.t •• vheD d.lI.ltlel ara b1&b (Boldr.o .ad Ana.troll, 19&0). S,ba.rlld. 
(fl",.roal1 cl ... ) .r. fouad thrOUIbout tb. Cr •• r Lake., .... ria •• io ,r .. t 
abuod.oce. AlthDUlh lurf.ca dvallar., tha, .ra capabla of ataodlaa thair foot 
1.) _ loto tba ,adill_u. Kc:Call at at. (1979), 10 a lerlet of labor.tor,. 
""perbaau, foWld that a larl.· ,..lacypod .,.,elu, e_oo.ly lolllld ill va.un 
Lake tri., I1Ia.ifleaotly altend ,edaellt porol1t,. 01001 " .. Iuced lDe_plata 
ndiaaDt .hioa dow to 20 ca. 

KACIDB&KTHOS AND , ElCatTIOI 

The ""'tallt to ¥blch tba .. erobeothDl •• ,l1at. lIutritllt .u:ha",e tbroUCh 
d11.,tl,,0 proca,." 11 QOt .. ll-defloed. Althausb tbe aeratioa rata of 
,ho.phorl&O 'II,. looplOlllKtOIl 101 veil doe .... ntad (SOle Chapter tV), atudia. to 
<iataniDa tbe Geudoll tata of bolltblc Il1vartebnu. 0110 fa" ...... laitad to 
l.rla .arine .paci., (Jnbaaaa. 19~ •• iueDller 1961). Tba potaotial lopeet of 
or&a.n1l.1 cOllvertiaa orla.niea.ll,. boUlld pholphor", to .on ... lublo fOnl ....... 
depa.lrlna pertleul.ta pholphar'" "il faecal pellot. CDQ ba .ub.talltial. Thi. 
1. trUD a.paclally for depolit faadar" eOD,lderlaa tbe hilh r.ta at vblcb 
.atlrlal 1. pe •• ed tbrouch tbalr lut. ror i~t'lIee, ertokbur.t (1972) 
aad.ated that, of a33 tona of IIlUoe'"" onterl ... TorOllto Illtbow: aacb 1aar, 113 
ro~ elrc..u.orad tbro",b tbe tublfietd pop..u.atlOD UOIM. 

1n Itudlea whara .edloODt pho.phor .... rahan h diractly attnbut.d to 
faun.l .ctl"itl&l, it ha, IIOt bo derar.loed vhetber tbe rl1e •• o re,..u.ted fro. 
bioturbation or ezCr.tiOD (Crillell 1979, Gallepp 1919, 841drao alld Ara'troQl 
1980). Hovevar, Callepp (1919), u.ll1& a relra,.lol1 aqu.tlol1 ral.tina dry 
va1,ht to P ezer.tloD de.aloped Iroa .arloa lpeeiel (JohaDlla. 1964b), eltlmltad 
that chlrolloald. eould aceo .... t for .n the pho'phorl&O relUl ed duria& the 
cov.r,. of hil aport.alltl. 

" 
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1a _,n.au .,.dUull, "'11- u ¥" .... u.. ,-"It ft MCf ..... lIdc 
.eU.IU_ .. _'--t P fl. "Of .. ro"1c coMIU ... · (pNr .. I ,.t1. .... "lit" 
... ritllollt otaa&1 •• ). tM .,..01_ dtbar .. er ..... P la tt ...... rlJ1ac 
_t.u (D •• U It .1. Un). CO\lOM Do cb.t..q. (Mc:C.U .. PhMr_lMO) •• r 
iltCu .. ed It (a;U.pp 1919. GfaMl.I 1979. IoUr_'" ArMefo" 1MO). IIbn 
Df,_t •• dtd lAct .... pIoD.pbor ... nl ..... tM iDCr ....... ar kcklr ...... la.d • 
... <ju.1to uti.bla (r.bloo 1). rh ... ruu.lu 40 _t i.ltcato i_louact .. 1A 
_ro","n"1e ..:thlt,. ""'c nflact tb. eMlp1uit, ot "'1aoIIt r .,...lca. r 11 
,nulI.t b. lalla .ed".IIU U or,.o.1e. a"oor"*'. ir ...... al .. llll~ •• 1114 
colc1,.-bo>D4 ,"'.pbat... rh. proportloo of r ... o.nabla tor r.l .... d.p.lUlo 00 
ebe c_po.....". pru.ot ........ tbo U_tiea of ,...,b c"oatcal oKba ... r-.c:t1ou . 
.. acid-bo ••• pnelplUtloo, t_,I.,..tioll.. oud.tt __ .... ".,Uoll.. &Ad .. r,tlol1 
(Lea 1910). Slac .... t of tb.u r •• etloo •• ro e_,l.,. fuactloa. .f Ih ODd ,., 
, eMlpoUlld. c.ao _ dl.Wed loto t_ cau,oriao. redor_lth. or 
rador-l ..... ltl ... (Da .. l •• t .1 . 1'1). 'or .... ,1 •• Wb110 111001 ... b1l ,. (111) r 
10 rod...:'" to aollibla ,. "ITl"), Wldet lov 0"E7I'" eo"ltlol1111 .... ..utobla pH 
(redo ..... ndU ... ). 100 .Khalll. of r botv •• o tbe _18uu aDoI .. tar it IaDt 
ro.po .. h. to Cb ebaDiu (ndo,.-lou .... lth.) . liotllt"tl" IDef ......... U •• ot 
Ib , _leb ra",J.to 111. • ou \lpt.alla "y tbe .aclt.au. if _It , lo n40,. 
.... lth., b\lt it aJ.ao lacu .... lot.raclUal ODd ooatlrt ...... ur UCUDI •• 
vMeb ra.oatll t •• aae t.l .... by tbe OMia.llto if ... t , 11 redor-llla ..... IU •• 
or • r.ou1t of blotle ab.uU •• tl0" ... u e ratl.lI.. Io ..... r. if '-\IIl.l 
.etl"ltl •• 1.Id to .Miae.t f r.l ..... it do •• IIOt ooc.oo.r11y tollow tbat 
redor-Hol1Uoe ,. 11 IIOt 1lI."ohed. 'l'b ... ouot of raolor .... leio. r tu.t 11 
fUN or rduoed 11 • f_clOll of .adia.ot ccepooitloo. Shea tbe "ladi,. 
caplclty of rado,.-•• o.ltl ... eoapound. ia d.e r.o.ad .t bl,h ,I 1 .... 1 •• lact •• o •• 
10 ,"'ia.ot Ell _oad be. 10" lapon ... t ill calearaoo. .acllaallt.. Iotb Cu ... U 
(1919) .1Ul &oldnD .... &ra.trolll (1"0) folllld thAt cblro_ld oeli.lUu 
lacra ... '" P rll ...... to • ,raot.r utoot hi ellcl_dcll d.po.lta. 

111. ,_tal. it .. _. tbat lGCra ... d !h .. a rMolt of "lotv.rbaU .... 11 _t 
.. laport." 1D b!fIIlt. r .. iacraued "Ult ouc:ba.at;e 11 10 relu.l ... It . 
Villi ... .....s .. yat (1912) ' .... Hooad tbe .H.eth_1I of tbe ollidhad 
aie ro .. o .... barri.r to , rll •• o. vb.o it h .....,ollOOlld.ced aM baa 0 btab 
.. t.r coot lilt. It 11 t.urutl ... to .... to tbat a.ll ltoUU witb e"1ro_ld. 
11.&", 0110_ aO lacra ... 1Il .ldia •• t P rd ..... _Uo all .udl_ vitb tl&blfteicl. 
ba"o .110_ a loOt uptab of f b)" eb •• ldiauto (00 .. 10 .t .1. 1975) or 110 e ..... 
( IkCaU aM Piobar 1"'0) ..... 11 rbel".b botb elk1roo.ca1d.'.aii tublf1eU. lKrau. 
tho lapott of 0.,._ &Ad a.ltor III aDd fl profU •• (II-.r" 19)8. Stb_bor 
it6'. Ior,r ••• un. DoIIh 1,14b, !k:Lochloo aAd llet.cblao 1976) . "hJ.. _, be • 
raout o f tbe. fact that eblroDMlld. probably,..., IIOfO _tit tbro..,h tbe 
.edia,.t, t .... do t""iUeld •• 

Vary littla 10 kDoVII of tho r o1. of tbe ao1oballrbo. 10 o\ltrl.ot r .... er.­
ti •• ,roco ••• o . Thl. 1. plrtleuorly tr ... 111 tho eroot t.ke. wh.r. ollly on • 
• rudy (M.l.,. ood Qul,l.)" 1980) baa quaoclfl., tba.o foraa. "eaua. of rboir 
r.1.ti •• l)" .. all .1 • • • od body •••• whe ll c",arad to tbe .. erofo\lO •• tho 
.bll1t7 of aeloba.othoo to e.uoo .1,olllc.ot c baGl" 10 .adia •• c eb.r.et.~ 
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·. _ ..... ----•• " .. '- . 4\. ' = 5·· ,Fa 

("lotackU") ......... eO.1I14u" Illa"t ........ r. "lotvMtl ... (_ 
.acruloo) c:.ua '"' pDuu1&l1,. iAportaat '"'u ..... o. t,",lr 1l1t' OU_NUc rn .. 
uoI Ir .. t ... lI1tl... 10. tM oat,. n", to ~ __ t "lot.rktl .. "" tM 
oll1o,,"tllo, ...... tool ........ oein" fa ..... 4 .... 010:-1 .. .. Ul'" .. rfac.a 1o.,.r 
.5--1.5 1;11 thick 111 _lIle neliA ... e. rithlo • f ... hoW" (Cull.o 1913). o..ln. 
tb ... croh\lDol. 1I •• t04 ... n .bl. to tol.r.u ...... 0 thrh., lUId.r aDOlI1C 
roadltlollO (Ott aDd Sc:h.1_ar 197). eo .. 14.rt .. tho taportaou of _roblr 
r h_ir.l prot ••••• ill ... U •• oc , td .... , tb", tapact of o-.t04. <l<:thltl .. 
wa4n &w;:1!. roadltl .... uo .. "lo1Uuot . 

n..n 10 .. 14.0<:. tbat tho ... iof ..... p.nlr ... t.rl,. .. -.t04 .... n 
taport.ot 10 ouh.aclQl tba aiaar.ll .. t100 of orl.alr d.tr1t .... '" ,",ctorlo. to 
l.bor.tor,. "",,.riA.ot., tba aio",t.ll •• tloo r.t. of d.tr1t .... I. 01ctoco ... ritl!. 
•• crot>allcblc d.trithor •• aa4 _.tod ....... evir. that of .lrroto.o vith 
.. ctot>alltbic dotrltlyoroo 01011. (Lao .t .1. 1.,5, TOllor •• t .1 . 1.77). 
lIIt.r .. el ... I,.. tho pr .... ra of lIuatOde •• 110 10cn •• eeI t"be" Mt loeorporatloo 
of d.trtt .... by the •• uobuthle d.trithor ... 

Mally oparl •• of •• lof ........ e . l . eopa,.d •• od cladoc.' ..... fr •• l,. 'IIt",r tb • 
• .staean fr_ tboa .. n.r-rol ..... , parUrul.rl,. 10 r .. ,. .. ", co lII'UMlal Il1bt 
choo..... . At ti .... -p1a.a.ktooir· fo .... It • .on obl&lldut 10 tb. '''iAnu tbAll 
10 tbe 119.r1y1 ..... t.r. ( .. 1.,. aDd Quill., \IIIp ... b. d.c.). Wat •• 1 (1'15) 
.... U .. ceel thoot th .. ", .... ta.llt ezcW"llo'" .n for "".11111 ... purpo.... t. 
.lIIdltloo, aID,. baothle tazo ."tlt tb ... ot.r rol uao (VII., .... Mo.I.,. 1911) . 
rraq .... ot __ .ot of orlaa.1 .... crOIl tb . ... tant ..... tar 1otulae. _,. 
rapra .. Dt &II .ddltlo ... 1 ~cb ... y for DIJtrhDt rela ... - ... puk.a h tboa .eoItaaBti 
foUo ... d b,. rdn •• (a.eraUoa) 10 tb .... tlr eo1>.II. Th. w~et of tba .. 
oct19ltl •• ..ould be Ir.at •• t ID tba a.ar.hor •• r .. wh.ra tb .... t.t 901u.. to 
•• dla.ot r.tl0 1, .. all, aod tbe dl ... lt,. o f orlalll ••• par ualt 901u.. 1. ~Ib. 

1I100n.HnlOS 

laeterla pla,. • IIIlY.n. role 10 ."lalot-outri.ot Ulm. h. "'dltlO11 to 
1IIUdoeina tna .01ubiUty of l' e ,.", ... o,1II .. 1th thair .luboUr .1Id producta. 
b.e terl. ront .0 wport.ac Uok I>o:t .... o thl lIutr1eoU lotir..ld 111 dltrltu. aM 
Ch. autrt.ot IJpt.ir..I &ad r.1 •••• by tbl .. e ro- .Dd .atobaDtbo. . It 1. IID.r.lly 
t.eoaalr.d th.t thl bae t.rt •• rl rl.", .. lbll fo t ao.t. il DOt .11 , alatrallrad 
Of I' Die II1""t. !bay ar. e.~bl'" of ••• 1011.t1111 • 9.tl.ty of a ra.ale roapouod. 
IIblela otbar h.urottopb. UDDOt "tUh. (1111111011 1%2) . . She. bae tori., 10 
tuno, .n ... t1l1re4 II • foocl ... urc. by oth.r Mothle fo ..... tM, upr ... ot 
,.fhap. the _at taportaat 1111lr. 111 tbl r:rclllll of ... taatt .... trl.otl . 

th. baeurirballthie fa ..... llaoc.1.tl011 aDd 1t1 1apUc.Uau to "utriaoc 
fl..:r. ora sora eoaplu tb.aA •• upl. food-e b&1o Illtarictioo. Mae ro-_d 
• • lofoI&O&1 ae tlYit1 •• "a.flt bae tlrt. aroveb .ad, chua, .t1ol&1ata orlante 
d.eoo,...ttloo by (1) laproYI1I& tha laport of o'Yi"a. (2) br •• lr.101 do ... laraar 
~rttc1 .. , thar.by lopt09111& the ."b.tr.t. for eolo~l.t'oo. _d (3) f.ediOi 00 
nc:tar1o .od ir..I.pllll tb_ fraa ruchllll •• U-ltalU .. o.-bar • • Laboutor, 
UpirlaaDt. eoo.l.taDtl, IGdleatl lapr09.d b.ctlrl.l OeC191tl •• til tbe pr •• Ioea 
of fau:o.l aUllra ("'rar .. ", 1970, raDeHl 1911, lDpu .t 01. 1977. Lal It .1-
1975. Tlllora at at . 1977). tutko .. (1972 ) lIotld tharth.rau of b1ocb_kal 
o"'lII.tloD o f oflul e •• tur loern .. d 1.5 to 2 tta .. 10 tba pr ... oe. of 
tublUtld.. 1'rO'lhJ . • 04 Karch.ttl (1916) fOUlld that tbe total 017110 
roo ..... ptloo of •• dla 'ilto ..... eYID tt • •• ir •• t.r thaa tba ..... of tb, ollJ'i.a 
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.. pu .... of "dioaelltl and tubif1c1d ........ u d •• p. rud " . Th1. d iU.,unc . .... 
• ttrib .. tld to thl lncrulld .ic robid .c thicy r .. "lUn& fr_ IIdtoaant 
1rrlaatioo .nd .. pllftl", ~y tha tublflc ld • • 

t .. btf1<;1ds ( . 001 p r01wo~ly other Crnt ~ ..... benthlc ,ro llp' .. .. dl) lIavl • 
r .... r~bl. prlfl ra nce for s pe c ial bectlril Iro .. p •• nd po ••••• thl .biltt)' to 
de tlct .nd dl,.:.ri~l n.tl th . .. aAonc otha r s ( 1.lnkh ... lt .001 Ch ... 1969 . WIVrl and 
Iri nkh" .. t 1971. Cl1 .. a Ind Ir ln"'h" .. t 197). 110 .. thil sehc t iu fudi", .fflc n 
thl rat. of or,.nl e deeo-posl t ion 1. un"'no wn . 

~.n .ed t .. en t l d or,lnl.:. .lte rll1 il a 1ner llil.d, a portion i. r.t"rolG 10 
loluble f ora to tM ovtrl"lnc .. uer., .nd part r_.lns 1n the sedt.ent. lurn. 
and to.1 (191 Z) .,.t t .. ated that to La .... Irte, "nder .erobic cond1 tionl. 1)% ot 
.adt.. ntld I' i. r etu rnad to the .. uer col ",n and 7)~ r Ulliol cooplu . .,d 10 the 
• .,dia.,nt,. Th. ndt .. ant P ., i the. ItC ... lllatn and il held b" bac t a r!a , o r 1. 
absorbed on the .. dl ..... ta. I'_aroy.t d· (196) fo"n.d tn.t both o f th .. ., 
pool, aft involvld 1n Iq"U l bri\lll .xCiian,u. In Ilndhturbcd adillintl , ' Olt of 
th. I' •• ch'na" 1. I physical lorptioo .eac ti na; bacterl1 beneath the 
,edioalnt-v.ter int. rf.ce .1.0 'achanae 1', b .. t thl eachan,. i l with th. 
interl titi.l vate r . .. hlch, ln turn , only .10" ly diffu • ., .. p .. ard. Wh'o the 
ledi •• ntl .re dl. t ... b.,d ( I. d .. rlnc bloturbltlon) or .cour.d, bactlrill I' fra.l y 
.,achall3" .. tth th. 0"arl,111& Vlt.ra . 

Durin, loft,- tlr~ llborato r" .-pari •• nta , the additlQn of antibiotic. to 
ifthi~lt b.c t erla h •• c,u'ld .t th.r • oet l~.e •• ~ (I.dia.ot d •• or ptloo) 
(J:&:lp-Ndl lOo 19H), nO chanaa (Poaero, et al . 196) , Fillo, 1971) , or I n.t 
d.c r •••• ( •• di:l.,nt lorptloo) (Haya. and PhiIlip. 1951) of P ioto the 0"lrl,,10, 
.. a t ar.. Such varlable r .... lta .,re OOt Ill rptl l ll!i con.idn11l& tn. IIUltitucle of 
f.c t or. th.t can poteo t lally afflct , r.lea •• , 1 ••• bindl", c.p.clty of 
I.dt..ent' , concentrat ion Irldl.ots , 41, •• e of •• dill.pt dlltur blne., .tc. It i. 
untort"n.t. that oona of th • •• 'tudl.a docum.nted flunal d.nsltll'. 

Epipalic al,al cQDII\1ll1ti • • o f thl • .,dia.n t-v.tl r interfac. aay pro" tde a 
dr1'li", for ce for IOU upid fh .. o f o .. tfitOti ( Lt. 1970). lb. fl ... q, 
ati ... lat. pllnktooic a1,.1 Iro~h •• ",II documlnt.d phenooaenoo (Cahl.r 1969. 
Colt. rmao . t II. 1969; Fltz&erlld 1970. , 1970b; ' o rcell •• t al. 1916). 'or 
1.bo rl to r y-'11. 1 c .. lt" .. I["dill io .mich calc t .... h,d r Oayap.ttt. va. ulld II 
the phosphor .. s ao" rce , the al,I' ac t .d .5 • ·'t~k- by drlvln, relCtiOnl 10 th., 
direction of .at.rl.1 tr.nlfer (tOIl .p.tite to the or&aol . .. (Ge rho ld '04 
m_ .. lon 19(9). WilU .. , at .1. (1980) upon.d th.t I' IIptl .... by all" .... 
.. lated t o t he .... ount of GOftaPitiU lno rillli c P 10 th., IIdlaentl. lipt .nd 
Li ndmar ... (1919) demOnltr.t.,d tha t I' '"ppl1., Withtn labor.tor" Clllturil of 
Se l en.t ..... c.pr l coro. tum uere COot rolled partl.tly by both . adilleot. Ind 11,al 
abUlldancl. Pho. phor ..... lea.e froco tha • .,dia.ot v ••• nhaoced vb.o .1, •• v., •• 
pr"lftt , and It va. concl ude4 [hat a"[lIAl inta ract l oo. bet .... o .1,.e .nd 
hac ter!. l .r,ely control the form of nu tr iao t rei.... . I'o.call •• t .1. (1970) 
notld tha, the tt llth. abUlti .. o f dlffer.nt "di .. aot [,p •• to wPpOft al,al 
~rovth ... r . re ll,.d t o tha ilIIOuot of Ivai labia pholphor u. ~n the I.dilenta. 
Fllrth.r, physlc.al and cheoleal fluc[llat loo. i~due. d by all.l pop .. l.tioo. 
apP'lnd t o d irectly affec t "ho'pho.". £1 ..... fr oa the sedlaents. In the 
1'0 r c.,11a et II. (970) It .. dy, t he de"e1o .. lnt of • thick •• t of O.c Ulno.ia on 
the .. dia;;t.u~ltl4 ln (1) the devIl~p"'u t o f loae robic co!ld itioDl , (2) the 
Hn .. ptl on o f .il11\1 with o"erl yi n& WIUrs, (l) • higher tran.far rat . of 
phoaphor", fro. thl ledl •• nt • • and ( ~ ) tha providi na of a sour c. ot or,lnlc 
.. at . rial . (.e.:.ret . d ~y the .1,"1 cells) whi ch sl ."ld as I 'llbl' ~l tl fo r Oth.r 
orj.ni s'l'. th. rola Df al,,, .ctually occurr ing in the .. d1lllntl (aplpllic 
t ypu. prll11. r il~ <!!1t0lt.) in pho,,,ho",, (~·tl1n, i . .. nknown. 
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,utho",h .. ot pin of th. ba .. tho. 111 th. Itrl~t .. 111 •• lIott __ r..41q filh 
1D.n~nc ... 41"cII[ , raI .... b, .ciHill, the .. d1lo.nu .od •• I.cti"d, pr"'"1 
on benthic (0"'''. Cr)'lierek n a1. (\91>6 ) repon.d th.t billo ... li t ".rlo ... 
phytllpl.nktoll .patl., tlnd to~.it lonllr vh.1I bottos-f •• d1na f l'h .re pr •• ,ot. 
~rb.cek .t .1. (1961) .. ot.d t hat fllh r~ovil fro. I lak. c.u.ed I d.c r •••• tn 
chloropnllI-ConCentr.t t o ... Ne.dham (1966 ) .l,.11.rly ob •• ~.d th.t th' 
Chlorophyta d.cr •••• d . t.ldl1, .ft.r t he remo ... l of bott...-faedtal fl,h. 
K..Itehdl !.!..!l. (l97) eo .. duel.d that bott .. lI-faedlna fllh u crathl rehtlvd, 
10" but con.t"nt I ..... h of pholphoru • .ay ,ct to .ubtl1 u planll.tol11c 
COGaunlt l •• vhl ch would oth.rll1,. exh.u.t IVlillbla pho.phoru •. Llkall1.a. 
~Irrl (1975) vl . "ad th. dll •• ttv. l e t1,,1tl •• of c.rp (Clerlau, carpi o) II • 

,.l j Ot c .. nt rlbutor to the Qutrl.llt lo.dlnl of 11k ••. Althouah ft,h aacr.t. 
pho.phorus, thay prob.bly h.ve a Ir.ater '.paCt Oa th. ,ho'phorUI ~ycl. b, 
.tructurina th. btnthiC comau .. it, throuah •• I.ctive pr,dation ("rtall ... d 
UtehaU 1918). 

IENTHOS-S!DtMENT INTERACTIONS IN NUTIIENT CICLING MODELS 

I ... plt ... f thl ,vid,ne, th.t banthie ... t.,1 Icttvitll •• ffcct .. utrl.at 
u t han,. proc •••••• (e" .od.l •• ec ...... t for the c .. a •• '1 ...... c •• of the •• 
• ctiv l tiu. l ern.r (1')17) ...... lded .od.lI", uchall,ie proc ... ", 10 tha t .. , 10-20 
ca of .adl •• ot. wh.r •• nl.al .etlvtti •• v. r ..... t pr .... al ... t. and Vaad.rhorlht 
et .1. (1977., 1977b) eho •• to .odel pr .. c ••••• In .r.a. h .... 'na hllh .urf.c. 
e;;rrenu and corrupood1naly 10" ."t .. al deol1tit •. Such raluc:tsoc. to I .. dud. 
biotic e~pooent. tn lIode11", effort. 1. due to ... appr.ct.tio .. of the 
Laport.nt r .. le .. f tha be .. tho. In ledl.e .. t-".t.r Ixeha",e proca ' .el ."d the l.ell. 
of d.t.lled {nfor.'tt .. " .t h.o4. t .. dat ....... lroup .. f r •••• reh.r. (Goldh.bar 
.t al. 1977) , .. el uded the .ff.etl of bloturb.tioo I .. a .t.ad,-.t.t. dt."oatlc 
... dal .. I lulflte reductlDn .Dd dHfuti..... S1Iollarl" the helu.lo .. of ... iall 
activities v111 l",d t .. ..ore rell.ble 1Iodals ot .. utrill1t eyellnl 111 the Crllt 
~ ... u. 

SL"Ml'WI.I 

The iaporune. of benthIc Ofllnl ... hI the c,ell", .od IXeha",. of 
pho'phorus ... d .. Char lIutrta .. u bet ... a .... d1lo.IIU ... d overI,l ol "at.r hal Dill, 
bee .. reco,nlz.d III the p.at dec.d.. ltce .. t .... ld.Gc:. indicat'l that a.roblc 
s,disa"t •• r. DOt • c","pI.t. 11 .. 1< for ph"lphorus, ... d that .. or. pho.phorus I. 
r •• enlr.t.d th ... e.1I ba account.d for by dlffu.ive proce ••••• l .. "e. The 
r .l.tlo ... hlp batve." th. biotic c","po ... nt .lId •• dLatllt pho.phoru. flux I. 
eOCllpl.x . p.rtly ••• re.ult of the fUlletl .. nll lnt.r.etl .. n. betva.n the ".rloul 
benthI c or"nl.II •• and partl, ., • re.ult of the eoapl •• lty of ,.dim.nt 
ph ... ph .. ru. k111.tl~ •. 

. u thl. polot. three •• jor !unetl .. OI of the bentho. 111 pholphorus eyellnl 
... d r'I.".r.tl .. " hlv, been dlfll1.d. The flr't . bl .. turbatloo, or tha phy.lci l 
sIt In, of • • dll1.nt by :h, llra.r orl.ni . .... 1,.dl t .. eh.n, •• III por ... lt,. 
l oere • • • s Int,r.tltls1 ... It.r I"d oaYI'" .sehl",t, .nd .It.r. Ell Ind pH 
profl1u. I .. turn, th ... ch.nl" "'Y alt.r pho.phoru. c,clel , depe .. d1"1 00 tb. 
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f o"" of pho 'pho ' u, p,u.nt "nd the phydul " nd c:!I1Plcll chl',ct., o f the 
.. dtslnt . l o th oU,och"'tu .nd c hl~0 1l(lllid l pllY • alJo~ r oh 111 thil proc .... 
S.cond. luc h blolol lcll ,cUvlUu .. i n,nt loll, ."Isll.tloll . lad. ncr-Uoo. 
tunsto", phll iphol ll. c(IIIp1I Wldl; ho".vlr. , ctllil ae.lur •• lnt. of P flux ., • 
r •• ult of th ... "c t l"'l th l are non-tItlt.nt, The third fllnetlon of bentho , 1. 
the ~ lneul1l1t1oll o f orl"nl c COII,.o1ll'od1 .n4 the IlIbl.qulllt , .h,s, of p . 

I.<1boruory uper1l1lncl "pc H it,ny dullned t o decenh. the illp.act of 
'Hi,,,lss ,"etlvH I •• on ledllunt P fl ..... e .I, c01Ip".1101l . .. lth ,ad. .. lthout 
orlan i • • • , b<1 .... ,I ... ,n confllctl,,& r,.ult •• nd lo r e loll ladle ltion of the n..aber 
of vlrl .bl .. that t.n pot.nt llUy d eu n thlllle prot ..... . 
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I HTIODUCTIOII 

On. of the eh.r.etl r i.t le. of the l ittor.l %00' o f lak • • II the IrQvth of 
.~~at l e •• e rophytl'. Thl I 1t to r .l 1001 . 10 re l a t l oo to t he .lzi o f t he pela,le 
r.slon. ~.rlt. ,r.atly .. ons like. dlp.odinl 00 t he aeaao rphololY o f the ~.lo. 
lec.u •• the littot.l l Onl Int.re. pt . both thl tltr •• tri,l and .~u.t l t .y.t ••• • 
Its ch.~lc.l .nd bl oloaical f,.tur,. I t. inh.r.nt1y i oflu.oc.d by both s,.t ... . 
~th nutr i .ntl r .eliVld {roe the dr.in". bi.ln oft.n cootr ibute to I nt.o. l ¥e 
blolol l e.l .etl¥ity. Llttor .l flora coo.titule the . ajo r lOurel of 17Qth •• l. 
of oralnle .attrills th't nalllat. the biolollell prod<a;t h lty .nd • • ubol". 
In the lluonl %on •• 

Aq UAtiC . ,e rophyt ., cooltltut. t he .. e fo.cople f o ~, o f 'qult l e ¥.,.t.t l oo 
loclud1nl ~.c folll.e. pt. r ldophyt •• ( . o ••••• nd flro.) . Ind the lnalo.p. rm. 
(UolI.rina pl,nu). Aeco f dln, to thtlt ,rovth fa .... . Iq ... tle .Ie r ophytes eln 
be d ifferentilted I nto .~taefl.ot .. .... ta.llt'. lod fr ll nOltl rs . Th. bl olol Y 
o f Iq~.tl c .Icrophyt •• he, be.n •• ubj.ct of I.n, Invllt l ,atlon •• od r.vi .... d 
In Ife.t dlt.11 by CI •• o. r (1 9S9 ) . Sculthorpt (1967) • • ad Butchlo.on (197}) . 
00. of the .oll ,1,..tHelot roh. o f aquat i c l ac rophyt .. io th~ I quatic 
.coly,tes Is th.i r ia~olvem.nt la the out rl ent cycliol 1n t he I1t toral 1001 . 

PIlOSPliOJ.!IS COIl'UHT I II AQUAnC KACROPlint S 

Th. eonteot of , l a l~uat1e 'Itroph, t e, varl •• ~1d.l, d'pllldial 00 the 
. p.ctn . iro""h eycl. o f plant • • • od .~a1labll1 t y of thl n~trhot 10 t he ,tovth 
••• 11... To .~aluat. the n~t rhot Itatu. of the .q .... t i t ".,IUtloo . the thlue 
an. l y. l , teehalqu. liaS l otr oduced to •• t.bl i eh the t r ltica l . d.f ici .ot, aad 
luxur y conceot r .tloo. of nutrl.n t (Ce r loff .ad lxolbhol% 1966 . t it lSl r ald 
1972). Tilt ... In.alyde requi,n .. u bU.hint the c r itlc. l eooe.attttioo o f P 
or other .lemeot. of lat.r elt fnr eaeh .pec l e.: t hl t coac.ntrat i oo I . the 
. iols_ h ... ~l fo r .ax11ll .... s ro""h. &t l ov thil hvel II t he d.f1ehot 100. i o 
vhich the pl.nt yi.ld i. propo rtion.l to itl , eont.ot. Abov. th i . 1 ... . 1 t . 
thl 100. a t luxury eon ...... ption 1n .micb the P COOtellt in the o r &.alSl1 inerlaSet 
b~t the ,fowth don OOt. The lutU. of .l ..... "t conteat 10 tb. plant lodieltlS 
the nut r i.nt ,vllt.billty In the , ro""h .~dl •• 

In ."p.rt.e.,.tI with "I¥.ul 'p.ci" of aquatic plaott . Ge r loff and 
~o.bholl (1966) cooelud.d that the eritital , 1,vII of 0.13% v., appllelbl. to 
aq~ltie ~.&etatioo 10 WI.eoo,!,. llk.s. ~or.ov.r . they .apor t.d that t he 
Iqultie 'Icrophytl' 1n I~lrophlt .ad I •• otrophie 1aka . 10 WI .coa.lo coot.lold P 
a bove the c r itie.l valUI .ad tho.1 10 aUtot rophi c vtter belov t ha t vilul . the 
P COOtl"C. hovev.r , .IY chloal cootld.rably dllr loa the , t ollt h •••• 00 (Ad .... od 
l\/:Cuek.n 1974). hl",er and Tot h (1968) '1II1yud v.tutti¥1 patts of 31 
,pecit. of a'l~ttle plane. ."d fOUl'ld thtt the , coat.ot noald f rOli 0.1 to 
1.9St, lIith ••• to of 0.4!>%. &tro.ttov l CI (1969). hovever , report.d • lov.r 
r ln,. (0.01-0.61 % • .,ith I . elo of 0.17 %) of P t rOll 16 'ptell,. 

Tht u~t.kt Ind r.l"sl of P by aquatlt •• erophyt •• hlv, b •• o •• ub ' .et of 
oUQ.rous stu~l •• ('.a ·. C.rloff i 969. Fit liar ald 1912. KcJ.oy .ad ' Irldai. 1910 . 
Otnny 1912 , ~tJ.oy !.!.!.!.. 1972, Ot!1ortl and llanll." 1974. r,,,,"l, .lId Iritulo 
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197'). I t i, , vell-k~~VD p~.no..DOo t~t t he .~baer,ad ..cropftyt •• c.o .baorb 
r by t ~1 .hoot-foll ... portio. Iraa tbe w.t •••• 01 by the fOOt-rh1,~e .,.t .. 
trOll the .~b.tnt.. . the IIlId.ocl .. of r uptau by t ho .. t\IV po1"tlo~ of 
pl •• t •• f. q"it ••• ri.bl. "01, .peel •• (Sculthorpe 19.7). 

10 addltioo to activ ••• cr. ti ol ot r b, 11.1a, .. t,oph,t •• , 1 •• ch1at tr~ 
d • • d bl0a0u. 1. rapid. Ev.~ "od.r 1t.,lle CO/Willio ... Ion of tro. 20 t o SOt 
of tot.l , &&y occuz I~ • ftv houz.. Fha . pho,,,, '.1 •••• 01 f roe d,clyto, 
~,erop~yt., I • • Jo,r.l l z.d quickly, bat" .Ith.r , .pldly uttlil.d by blet.rill 
and Il,al po,.,latloa. or IIIcor pontad Jato the ,,,:I1 ... ou (1II1choh .U 1. .. 11., 
191) • 

Th. dlllAAic. of pho.phoru. c,cllo& ill rll.tloo to Iltto'al .a,.tat loa v •• 
rap •• t.dly daaoo.trlted a.rll,r v.l" radioactlv. 32p ( •.•. 8utchio.oo aod 
1o"1Q 1941, 19~O: Coffin et d. 1949; Ba, .. ~.!!. 19~2: Bay .. . ad PhilUpl 
19~I). Thetr r .. ulu lodTC.ted that the , .dded to the aurhCI ... ur .... 
r.p ldly abaorbad b, Ilttor.l v ••• t.tloo '001 phytopla~ktoa. Coa •• queotly the , 
V. I .lovly r.l •••• d to the .urroundl ..... ter by the pl'ot' .~d r'pldl, r.l •••• d 
by t ilt .pl paUc al ... 00 the ,hata. 

PBOSPIIOJ.tJS 1M GlUT UUS KACROALCU 

TIl. dlatrtbuUoo of .qultlc •• croph,t •• l~ the Cr .. t 14."'. littoral &O~. 
i. t .l.tIVIly 1'-lted , aad tbelr role i~ ~utri.~t cy,11 .. 10 th. wh~le l.k • 
• y.tem appe.r. l a. l.G!flc.nt. Cert.l~ .pecl •• of fll .. eutou •• 11", ho~.er • 
• r. coam.o~ t .o the 10"" Cte.t Lak •• • • ad IxcI •• iv. ,r~wth of the.e .i ••• oft.~ 
occ~n l~ aut rl'~t-flch Vltu . Chdophon ,lo.antl , • bllh!)' b .... chad .n.o 
.1 ••• coo.titut., thl .. n l.aporta~t . quat i c .acroph)'t, 1~ . ID, er ••• 01 the 
Cr •• t LaLl. littor,l r.lloo ( lat.r~.tlonal Jol~t Co .. I.'lo~ 1975 >, p.tticul.tl , 
la vl.t. t~ Lake Erl. ( Taft aad Il.hle, 1973) , the .o~thera .hor. of Lak. 
Ootarl0 (Weurll&k.!.!..!!. 1974), IDd thl ,ovthvuter~ portion of wke Kichlle~ 
(Hubat 1"9. Lin.ud Illia 1913) . TIl. _It c .. p .. h ..... l •• inf~r..tioo o~ 
Cladophon dtstrib"tlo~ 1. udlable for La'" Oou r l0. lD vutenl WLI 
O~tar lo, the v •••• tim.ted t~ ~ccupy .~ ar 'a of 2,300 .cr •• 
vl thln Torooto and Yaailto~. Yroa Ioch •• t.r ••• t to 
StOQy P~ lot, coven 191 of the bott.,. 10 • bud 3~ .. Ide. t~ Lake 
Erl • • the .rowth occYr' 00 th, lOuthlro Ihor ... f :h, ••• t.ro 
b •• l~ .. h.rt • bed VII ,n1.ll.ud. Th. toell .. .. 
Irowtoh 011 the U.S • • hore of Lake Etl. ve ... t\JItted It 3SO ai2 
Joi~t Coami •• lo~ 197$). av.r". CI.dophora biaa •• , fr ..... pl •• col1ectld 
1~ WU Oourio .... 161 dry Itt • .ad 1~ La'" Erie .... 100 I / al ( .. e .n 
1974). Th. ut'o,i" OCcutr.~c. 10 tbo.e ... 11 .. ' b .... a 
1Ia.l1itlc.~t I.pact of tho .. littonl z~~ ... In I.o.nl. th. 
dl.trlb"tloll of Cl.dop~or. I~ the Ct •• t Lak •• 1. prl.a.rl1, liait.d by 
lilht, .ubltrat •• v.ilabillty . ... d au t ti.~t 1 ••• 1 i~ the laka v.t. r . 

Nutrle~t luppl1 ..... d lialtlft1 10 th. 
Cr •• t Lak •• h.v. bte .. the , .. bj.ctl .~d 0..'0 1964: 
Herbst 1969: Hellenld 1910; L1~ • 1973; .~d 
'-tloff .ad Fl t rl erald 1916). !J<ten" '. ,roltth u.~a11y occur. I ~ 
the ar ••• t lc.ivl .... "trll.,[, fr ... "~Jcipal v •• t. which 
c~~t.l~ • hilh conc.~tr.tloo of P. Althoul" the r.t .... 01 dl.trlb"tlon 
of Clad.opll.or. h,v, b .... lhova to bt ,10 •• 1y r.l.t.d to pho.phoru. i~p"t., the 
kay ph'~OIe~.o~ of pho.phor ... "puke Uoetlc. I~ r.lttlo. to Iroll'th rau hoot 

'" 



_11 knOIO'Q. tt 11 _11 !iIK..-,aud uo tiM up , trOll ... 
.-tlrual IOurCI and build up an .a.ult of lu.ur, uptlka 
(Culoff &tid Plt".uld. 1976. 1,.10 Auu lad Ca"ah (19110) 
ob,,""ed that lntlr"ll , pool I aay ._,,,latl the "ptatt of P el'\rouah • 
• ,tur.Cloo f •• dback I'thanl •• , I ••. the 'pparlnt lax I ... , "ptat, rltl 
d .. er" ....... lth 111"., •• 10& inurnal pool .t •• . U"de' '-It.-Ielne conditio"., thl 
, ",ta;'1 flta IlIer.aul .nth inc ." •• I", .,urnal P tootlutrlcl"". WhUe thl I' 
"pt ...... kil,etici UI upccUd to f o llo ... a hyperbolic runulO1'l , the utuUtloll 
cOClc.ntnt1on for "pu ..... 11 oft.", srutl' thl" eb.. P v.l .... obnrvd 111 Oltural 
'ylt_,. Coapued to phnlr.too!c ,olga.. 1'111 Will lha"" to h.· .. , 
tlrtaln <ill.dvanc., •• 10 , "ptata. For hllf ,.tu.atlon COOltlOt 
1. aueh ,."tl' than th.t of planktonic laxta ... I' "ptlte rata 
(00 dry wlilh t bioaall bllil) il .uch thaa t~t ~ealured far leveral 
Ipecie. of phytoplanktOIi. 

Th' critit,l tellular , tonteatratioo r,quirld for e.s!aua lrovth of 
11 0.06% of dry weilht (Gerloff In4 Flulerd4 1916). Thil value i, 

then tllst ot other Iquatic .. acrophyt .. (~tr loff .. a.d 
an4 Fitzleuld (1976) allo lhowld thlt 1"1'1 .. of 

colllctl4 fro. all the Cr .. t !..aus txclpt \..Ikl Superior cootdo P 
clatratioOI rlUlina Croa 0.07 to 0.82%, iP41cltiaa that -aat o f tne 
aroonch io thl Cuat Laul 11 r lurtlciaat. Ua ll1.1 rootd .q .... Ue 
that eaO ab.orb thllr pholpllorul frOli the lublt ratl by root Iy.teas \''::::::::';; 
.. n4 1C.a1U 1980), Cladophou .usc obula tn lIuullllt fro. lunoll:lld1aa 
throuch thl filameats. Since thl& alia lIormally occurl in I Ihallow littoral 
rl,ioll ""'Irl .. dt..lllt fllu'pensioo pre"ail .. it .. ay be ,bll to U.I C01l4111.ed P 
ori,ll1.ted fr Oli .ldialntl. Lll1 (1977) r eported that Clldopllora cou14 utiliee 
pyro- "114 tripoly-pho.pllate bICIU,1 thl Illle can 1"')'It.ti ca lly 
hydrolY'1 condensed P on the clll 104 latracellularly . 

In ralud to the ,fflux of , la Au,r ... 4 Canale (\980) 
obll .... ld thlt al, ... ,.ernl l' "hla lat l rllil P pooh ara pbced 
la I low' 10"ironatnt. furth't"OIore, thly that the h.alf-uturatloo 
cOllatant for' ",cratlon 11 .pproe1ll.taly lOt of thl ...... I:a1D pool lill. In 
Iddltlon t o P t,lease by li"a tell., chi oucrlent rlalolratlon thrOulh the 
decay of Chdophou btCllltul it u;oIeted t o be a t1 lo1ftcaOt pfOceu in vl\1eh I 
.assl"e <I\IIDtlt1 of thit all' periodica ll y becOIOu 4etatlled frOll ttl .ublttlte. 
Cafort unatlly. very lit tle tovI.tt,atioo ha. heln dODI 00 , release trOG 
Cladophor. IOd it. Iftett 011 Dutrilat eyclloa ia thl cr ... t Likes littora l ' Oaes 
vheu th1l 11 .0 1IIportar.t velttation. 

a.,idl' othlt ! lllllentoUi .acro.l, .. COIaoa to thl Creat Lakls 
lad Althoulh they 1114011 diU lop to 

ol elall. 10 the crelt Lake, 
.nd 11 ... 1917) "1 Indicated I threthold chla'l 1n certaio lIutrilDt 

r'Sia" 10 Creat Lake, vlttr. Sutrieot rtqui rl.eata for tht'l .1.1' resal0 
u .. 1""e, U,ltld • 



Allau. !to S., atld It. D. !kCndi.n. 
"lrlGphll1ua ~o-pon'Gt Gf the 
J. tCGl. 62:'~7-"~. - -

U'U..!MCIS 

1974. S.UGl'lal pr oductlGG Gf the 
littGr al Gf ~ka WI"1n. WhcGuta. 

Auar, It. T., I nd I. '. C.ulah. 1'80. PhGlphorUII uptlU droaalc1 I' 
t G .Ith.lticil ..,delinl Gf Chdophon at • lite <XI Lalt. llurGn . 
L.It .. l. , . ~: 1-1. 

rdlted 
J. GUlt - -

krnatowl c l , S. 
co-posi t loo. 

un. H.acrGphytn i", ehl !.au Wu" lalt 
t'i<"l. 'oL Sit. A,. 11:441-461. - - ---

~rl&nan. I •• and J. J.aIH . 1980. PholphDr ... soun:e. for Iquele veda: 
Wlt . r o r ,edl •• oe,? Scl, ,,,cI 201:987-988. 

CoHill, C. C., P. 1. bylll, L. I . JGduy. I nd S. G. Whiteny. 194'. bellao,e 
Gf .,u riah In • lau 1& . eudled b ), the Idd1tIGO I'If nd.loacU .... 
pbolphorUII. CaD. J. I ... (Set. Po l 27: 207-2 22. 

D.Jlo rU. J. A'I .1Id l. T. lM-rtalD. 
59,. IDd 5Ca bl uH.r .UfoU 
t~olo8jl 55: I 83-194. 

1974. Studies OD IblorptiGn Gf 32" 
(")'{SGphy l 1 ... eza1ba,cenl ' e rn. l d). 

DeIUl)" P . 1972. Situ of Gutrltot Ibaorptloll 11'1 .q .... t l c •• ~ roph)'tn. 
J. Icol. 60:819-829 . --

!'Iu,.tald-, G. P. 
ottrol.n .nd 

1910. [val",t!Gn of the Ivall.btllt)' of , our c •• of 
pbolphorul fGr algu. J. PhY CG I . 6:239-241. 

1912. Ilo ••• ay a"'al),.il of ouerl.nc a ... all.bl1Iey, 
pp. 141-169. In: I . E. All.n i nd J. l. ~amer (ed,. ) . HUltl'Dtl In 
Natu r .l W.cers. WI I.)' and So"I, H.w Tork. 

Getloff, G. C. 1969, [ ·,al .. IUna .... ulant .uppllu fG r tb. , rGweh Gf .qu.Uc 
pllDta 11'1 natur al .. u.u, pp. ~)7-5~~. In: Eutrophic.tlon: Cau •••• 
COl'l llqIllOC", Corne tlvn. N.t lo.n.l Acdeaoy o.f Seha~ ... WuhlQ&toQ, D.C. 

, aod G. P. fiellU,U. 1916. Th. nutrition of Gnat Lake. 
Cladophora. EPA, Dul .. th. Mi!l.DUo.tl. 110 pp. 

---;;;;;-;r;;;;-' &rid P. H. I.:fo-bholz. \966. 
Qut r t.",t .yailability for the grovth Gf 
Llanol. Ocu"o.lr. 11:~29-5)1. 

Ti •• ue ."'Ilysi ••• 
IlIlio'p.ra .quatic 

eellUIt . P . 1959.lydrobotnlk. Dh ' hyll.o.lo.li.c he", Gumdh,." 
Pfl.nullyubre1bbC 10 Walu r . 11 . Seo.ffhausha1 t . lerlin. 
V. r l ... der Wis.aa.ehaft.r . 

H6 

• •••• ur. Gf 
pla"ea. 

... 
'" Deuttcher 



lUy .... r. "" &n4 J. £. Phillip •. 1958. L&ka .. &ur &n4 .. 41aarr.t. IV . "'410-
p ..... phor ... aq .. Ulbri_ dth • ...s • • plalltl, &Dd Me terla wod'r o-.Idl&itd .rr.d 
n,hlol:ld eorr.dltlonl. Llanol. Oeunlll', 3: 439 .... 15. 

---0;"";_' J. It. . Ik C.ner. ~ . l. C&""lrOIl, aDd D. It.. Uylll,ttOIlI. 1932. 
On tha 'dnaUe. of phOIPho[1I1 n ehao,,,, In hlr. ... !. ~. 40:202-216. 

Hatbllt. I.. P. 
,lo.era •• 

1969. £eo l o , led het o n .1Id tha dlatribll t l o Cl of Cla40phon 
III the Craat Lakes. A •• "Idland ~.tllrail it 82 : 90-98. 

BlltchllllOft, C. E. 1975. 
ll.no l ogie al ! o tany . 

• alld V. t . "' .. en. 1941. A dirlc t d-..utnUon of tha 
---;p'".~.;P" •• O,;'C.;-'eyel1 III a ••• 11 lake. ~. !!1.~.!!!. 33:148-153. 

----,"';-:--;;rc-' aod 1950. LI.nolo,leal Iltudl ... In ConnleU-
e .. t. IX. It. qlla otltatlv", ndlochl.lell s tudy o f thl pho.phor ... eyel' 10 
Lln.l.y Pond. £ eology 11:194-203 . 

lntl .... tlond J o lM CoII .. lnlon. 1915. Chdo phou In the Crut t.k.e. , 
I JC lel lo~l Office, Wi ndsor, Ont. 

Lin. C. K. 1911. AVln lbUHy of pho.pllor .... for 
L&1r..e Kichl,an, pp. 39- 4). hi: Proc . 14th 
lnt.nat. ,...oe . Cr .at L&1r..e'lal. 

I, 

___ -;or;' 1977. Acc ..... 1atloCl of ... ter lol .. ble pho. pho .... 
of po lypho.phatl. by Clado phora ,10"'lt l . !. Pbyco l . 

aod hyd.olt1h 
1) : '6-51 . 

__ -;""~. ",d J. L. !l... un. Mlpt l U oo o f tIItropblc c oDdlt1on. by 
La .... IUchl,an alIU. tac h . lap. 1Ii1. lilt 73-03. n.a Ilnlvlu1ty of 
III .coosln, Wat.r ae so .. r e ' l C.n t.r, Kadl lon , Wl leooslrr. . 

.. ae.nt Irr.vll i orr. of & f.d II,. 
lUehl,an. !..'!l!!!.. !.!!: 

!k:llDy, C. p,. and R. J . larsdate. 1970, PlIolph.t. abao r pUorr. 1n ul,faa •. 
L1.nol . DClluOll . 15:6- 11. 

K. Sebert. 
eeo.y. ta . 

1972. Pho.pho r .... 
LIMOI. Octanolf . 

e ye lin, irr. 
17,58- 67. 

Nen , J. a. 197 4. Cladopho ra In the Crut Lakes. Prep . f o r lJC by 
l.bno s Ltd. 

---",,".T,' and C. £. Ow en . 1964 . Dllt ~l bllt1 00, .Ovlfo .... . neal uq .. lu.aut l 
a nd .1an1f l eane. o f Cl.dophotl ,,, the Crelt Labs, pp. 11)-121. In: Proc. 
Sav.nth torr.!. Crln t.&k., a.,., Irr.utClat. Uloe. ' raat t.&kl ...... 

'" 



IU~boh. D. S" and D. It. lCouot,. un. MUTo"o .001 pbo . phoT ..... nl .... fn. 
d.c.a),ll11 waur .UloU. ll)'droll1010,h U :S09-S25 . 

II ••• nd J. Irittain. 1971. 
\... ) on pho.pho, ... . o".ellt 

. : 62-68. 

Effeet of _11fol1 (Kyrlophy ll~ 

bott"e.o . edia.nt 1"<1. ''It'T . .1 . CUlt 

5~"ltho'pe.. C. D. 1967 . 
St . ~Tt l ... Pr •••. 

!h. 110 10lY !! ASu.t1~ VI'cull' rllntl. 
!lev YOTk . 6lD pp. 

TIft . C. E .•• "d. II . J . U.h1 u. 1973. 
1001 . ut rophicltioo to " •• te,,, LI~ 
5tlte Uoi ... ,,1t, . Col".." ...... Ohio. 

We •• roal<. C. T . • D. ,. L)'leOCI, 
t Tibvt100 hi t.a ..... Onta ' io. 

Ind r . C. Polcyn. 
UStr ... I.tport !Oo. 

• 18 

.. ulaeed to po11"el oo 
.. • .o .. r~e. e ... eeT. The OhIo 

1974. dh-
76 pp . 



CHAPTER VII I 

CO NCEPftlA.L KODE L. or P1:IOSP1:IOiWS CYCL HIC 

Dollald ScaY ta 

Cteet ~Aes Env l t ll nmental Rt •• a r th Labor atlilY 

~.tlon. l Otean! t .P4 Ataotphl r!c Adaini.tr.t l on 

....... Ar bor . I'Uchllan 

119 



Ul'IlOIWCTlOM 

Th.n pn.,ody ."tau • brllad 'p."cr .. of .odl1 •• ddn .. ln, pho.phllr .... In 
1.k, ,,,oay.t.~s. Th •• e .od,l. ran.1 fro. r,l.tiv.ly lilp1 •• "plrte.l lod,l. 
of .nn .... l. la k.-wid •• ver.,. t ot.l pho'phllr .... eonelnt r.t lon to ~Ore dl ,. l led 
•••• on.l •• p.ti.lly •• ,~.nt.d aod.l. d •• " r ibln. dTD .. 1c Illter."tlon. &100, I.ny 
pho.pho' .... cOGponents. Some model a d •• 1 dl r .ctly .ad lolely vi th phll.pho' ... . 
while lither. track phosphorus Hoi ehi Olloutl,,1l1y ..nth ".rboo or other bio ... ,. 
variablu. The 10Uvation 'whlftd the diUar.ot typ .. of 1000el, .lao ¥arh •. 
!tod,l. v1th a1spl1 phyde.l ee •• ent.tIon .lId flv leo,y,ulI eOllpartl.Ot. h."e 
b.ln dev.lop.d prilll.rUy for asslltll1& v.ur qu.lity l.n'gESlat. vh.t ••• othe r 
lIod.ls. whi ch inc lud. de t . l1.d se".ntltlon .nd •• ny "Olp.r t • • ot •• h.v. b.en 
d.",.loped .,n.r .lly for iner •• slnl Our ... oder.t.ndinl of . tr ... ctur •• nd function 
""'thin the .co.y.t ... Th. ,...rpan of this "hapu r i . to br l. fly 0 ... t l111 • 
• ,,,.,.1 c.t'lor te. of "'I' t l~ ,odll, .od to con. truct , cooe.ptu.l lod.l 
... saful fo r ,yotha,lzlng .od ,n.lyzlnl • • IItlnl lofora'tloo on phosphoru. 
cyd1na 111 lakes. 

PUVlOUS MootLS 

Th. flnt c.nlory of ~od,h i ncludes thole dnl,lIed no ..... d the pho'phorus 
10ld l"g COIIC'pt. "thorouah hhtortell u¥t . .. lod qUalltlt.tl"a " rltl".1 
"&.1 ... atlo,, of t h ... I»4d. 11 pro"ld.4 by leckhov (1919). Tha d.",lopel."t .04 
rlrlG~ent of the •••• -b.l.ace-b ••• d pho.phoru. l od.l for l.k •• I' .ttribul.d 
to Voll.oweldar (196 • • 1969) with Ilanlflc.at ,It.r .t i oa •• nd Impr ovemant' by 
D1110" Ind iil l,r (1974 ) .od Ch,p.I (1 915. 1977) . Th ••• • odel. ,re lUip1y 
balanc., of pho,phor ... loflo ... out flo ... . nd .. d1 .... ot.tloo ; the latter pro", .. 
" , .. "d to calcuhta t he tetiotlOG CO<llfflct.Ol ( Il ) fllr pho.phor"' . ".ptenionl 
"'.d for ".1" ... 1.t100 of ~ h,v. be.o ...... 10Id .t.tl,tlcI11y on la"~r.l diff,rant 
data SIt. (DIllon .nd R.ill .. 191~ . Voll.nw.ider 19H. U r c.hn.r ,od D11100 1975 . 
Ch,pra 1975. Ur .. n "nd ~rchr UH). AlI-o, ,",ckho .. (1977. 1979) ,od 1I.1k.t 
(l 977 ) .",&.1 ... atld OVlrall l04d .cc.uracy tor this ut of lodel, Ustll, 
flt.t-order ,rtor "o.lYI I •. ~dlftc.ttoo. of the ~.l h.v. includld •• d~.ot 
lnt.r.ctloo. (Lor.n,tn et ,1. 1976) .nd "p.ratloo ot 'pllt.nl oo/hypo lt.nioa 
"lId p.rtl"ulat./dtllolv;d' pho.phor .... compart.aotl ( SlIodgrali .ad O'lleltl 1975). 

Al tho",h t hese l odel. raprunt the oDly pho'phor",-ralattd .04dl that 
h.v. under,ooe .. teoaiva 'tati'tlc,l ev.l~tloo wi th ta'pec t t o ,eo.r.l 
.ppU".bUlty IcrOIl • "ld. u"i' of 1.1< .. , t h.y do oot r.v •• l .uch of the 
,tructut , or funetlo" o~ the .eo.y.t . ... s. thl. black-bo •• ~."- b.l.oe •• pproach 
1"t'lltlonln, r eaova. the effect. of latttllli .y.t .... dyo_t".. Th" .. od~l. 'u 
d.~I'G.d 'pecific.lly to .... ss vh.oh lau trophic .tn .... (phoaphon: •• ad 
chlo rophyll conteot) vl~h r.sp'" t to pa.t . pr".ot, .ad •• peet.d pho'phorus 
load. which radue •• th. ~ r eff.ttl".nea. for .xaml~atlon of procI •• - o r l.!lt. ~ 

cyel1na IIf phosphorus. 



A •• ~ood cltl,Or, of _04,1. tall. ~tv ••• the two ~tr .... outl1old .bo.a 
(aan.,e.ltlt and ICOlyith dJ1lul<:. I ). Th ... -.odll_, liar. ur-.ad ... trophlcltloQ 
lO G,h,h . aU toncn om .. !til .t.. .. hela .. aIId ,redlc cloD o f u .. onal phytopl Nlktoo 
1>10. ... dyn .. lci. nl, type of a04e1, bud 00 tile •• rly vork o f 1.111)' Itt ,I. 
(\ 949), v ... 'Ihttoduc td 111 t~ u.1y 19 70, ( • ••. Chin U70 , OHoro at .T:"-
1971) and ,,-, h.lo" .. "u"l ,i,lIl tle'''t altaratlon. lod ap,11eleloll1 (""~ 
Ttl .. ana It d. 1915, Chin &1Id Or lob 197 5, 0110[0 It d. I91 S, DUoto _tid 
IUtYltlkl980) . --

Th ••• ,odd, foe ... on DOlor t"" ,tOllP' of phytoplllll<toQ I.,d .... 
chlorophyll or dr y .. Illht II btOG'" ladle. t ori . A l"l<ita, prloc l,ll I>llIlod 
dlvelopslnt aDd te.te o f th ••• aod,l, II thlt ItOlYlt" ptoe ••• •• viii be 
h clu4..t In the ,odd Dill, H they h .... l1,nltiullt !aPICl 00 .1a"lat1ol1 104 
prdicUolI of [hUt crude indicator. of phytoplanktoo bl ....... CoII .. q~'lIt l, 
proce •• e •• ~th .a phytoplank ton productlon, r"plr.tlon , .nd .latin,; 
l ooplanktoo , rl.ll1l. rl.plr. tloo , and .. crltioo; I nd crud, cyc l • • of pho.phor~. 
(two c".p. tta.nta ) Ind nlerollo (thrll ca.p.t~,ot.) h.y. be.n Includ.d. 
'ropartll, .nd proc ••••• suc h •• Internal atotl" of •• t ••• nutrl.nt. loy 
ph,toplankton, .tnt.us t hre.hold of food for l ooplankton Ir.llae, .ultl cl ••• 
d .. crlptloo. of ph,topl.nktoo lod looplankto". IDd food-I"ppl, cOotrol of 
. ooplao.kt.on r .. plntlo" b.ye no t Mto IDcluded . 

f or pbo.phorlll , t he .utrophl c.tloo .odel . Iinerlll, t r ick the lollovinl 
cla .... ' \ ) .y.nlbla pholphor ... , 1) I>OII-lhIQl lIlI aYa U.loh phll.phor ... , acd 
3) l1Ylae plackton pho.phor ... . n . lalt cll .. of pho.phor ... 11 U.IUIU, 
fol lowed . t o l chl .... trlc.II' vltb otblr 101 ...... Indicator. (chloroph,ll, e.rbao, 
dry v. lght ). Th. model. It. oot d • • lll11d to foll ov d.t.lla of the pho.pbar ... 
c,cl,. Hod,l compoo.ot defloltto~ .r. nfttn oparltloo.l .Dd tt.d t o tb.lt 
IIt111l1tloo b,. phytopl.nkton. Utbo"ih th1a cla .. of aodela ~ pro\' tdad 
taportlnt .dvIOC.' 10 the u •• of . or •• ' chl"t.tle end,l. I II •• o,, __ eot of 
.qua tlc .e.ollrCI' , th.y t oo fall lhort of provldl11.& thl dltal1 aod loc ... 
nlcl •• ary to explo •• pho.phor ... c, c11111 qU.llt l t.tlvel,. 

Thl. cl ••• of a odell •• lthoUlh fUDdam.otally lim II., t o the .utrophlcltloD 
.od_ll, pl.cel "pha. l . 00 ..... detall .. 1 a.pacu of 'COI,.t_ d)'O .. l t •. The._ 
.o,hll .u orhoted toward 1,lI.chuhl ... nhtt.., hfol"luloo, .aulul ... lu>o_ 
[olI.dltlo"' , .nd Inal,zlol tOll. t,ol, of 'llte_ .t .. uct~re .Dd fumetlon. Soae 
aodell of thl. tlre haY' beeo u.ed fo r pfldl~ttoo, howlva .. their .ppll~.lotllty 
hal oot be." tutd ;II rIIO. OIll1., 11th. t..., othe .. cluu. of ",odlh. 

t co.y ..... O<id l ItIIphui:.a eo ... dttdled .. p.cta of plank.totl dyo .. lc. thaD 
do eut rophlcatloD .0<1.1.. For n.ph. u.S<> tlal .ucel .. too ("1' Lthaq et .l-
191) , I h no lO 1976, Seay1a 1980), In t ..... 1 Itorn of Dutrl.ot. (Laho.ln .t~l:-
1975, l i, r • ." 197&) • • t ~.- .. hcttvt. _inh .. - th r uhold zoopla"kton ,'"10,­
(Se.yl. 1980) , .. d~ao t ....... cOllf ~01"'11 Illtlraction (La tl.1I. aDd Mercle' 197~, 
Sc.yl. 1980) , bact.ril dyo •• lc i (lIOOG!I.ld 19'~ . DePI"to 19' 9 ) , l oop1.Dkton 
v., ekal .1&flclo:1 (Stu l •• nd MulU n 1911), III.d populltlo .. I tructuu (Scull 
and Frol t 1977 ) hav, bt . .. t ocludtd III •• v . ... l 'CO',lt. __ ndel.. Seayia (1 919) 
prov id.d • Uyl. v of .. y.ral d.called proen. e'-ponlnt. iIIcluded til lek. 
I tOlllt .. aod.l •. 

'" 
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leo.y.t ••• odel. ~ •• coll.etloll. of fors.ll~.d th.ort,. of ,.oe ••• 
dyoule •• lId ,U IIlIflll for d •• crlbl .... ~od .0.lyl1l1a 4et.Ud •• peet. of thl 
,ncuphOfli. eych. Ofte .horttosll1l1 11 th.t thlY pUllot1y _ph ... 1n pho'phor ... 
dya_le . only II tMY are dinctly uhtd to pl..,,1<toll lIutritioa. n., .. 1 .. 1011 
of dndl.d dyn . .. lel for ooll l1vlll, pholphon .. eo"po"I"u uHuts both thl 
orl.otatlO<1 of thes~ ,odlll .nd the l.ek of lnforeatioo pr.,eotly Iv.l1.ble 00 
those cOlponlOtl. 

Reelotly, ,odd, fOC:lIl1f1& 0" pho.phorlll u a IYlt_ trletf h.", be.o 
developed . Th l ....s.h . .. Olt noubly lela ( 191).), ~u bind 00 rad loulel. 
uper i •• "t •• nd ,.0 ••• Uy .ss ..... 1111,ar •• t •• dy·.taci .. loetie l. A .... lety of 
.tlldlll .a4 uperiunu (1..lIn 197h. b ) h .... 1.4 co thl follo>l1n.B eoaeept",l 
,,00111: 

" hell n upUllati pho l phorlll e .... powllh of nhthely 1011 .011<:1I1Ir Vlllht 
(250 MW), eolloi4.1 p r'ptl.entl rll.tlv,l y hl,h aoitelll . ... eiaht 
()S,OOO . OO ~J) e"po~l. P04 1, di'lol .. ,d ortbopho,phlt. , loci .e.too i. 
phD.phon ..... odltld >11th ,artid .. ntaind 00 I aesbual fUter vith 0.'5 ;' 1 
pore lin, 'bl"rl.alllt&l 110.0. (Leu 1913 •• 191)b; lA.o lI.d l.1all. 1914, 1.0110 
"ad ~l1l1"jko 1916, '"tl and Lun 1976) .1.0 has hoi t o thl fo11olol1.ol 
10fon"Uon: 1) fund • • fros P04 thro"sh lP to collolo! tl<llli.", thl p""ael 
o f le'ton, lodle.tln, lP 11 Ixc retld or otb.rlllSI r llilled by pl.Dttoa; 2 ) Th. 
Plt~."., 1O" .> Collold . ) P04 11 problbl~ .n neh",,&e ptOUIi of lP for PO, 
usoe1lt.ad IIlth the colloidl , POlO il DOt IdlOtwd t o the eolloldl; ) 
Tbe- eouu ... \Idles lho".d dte oa;>Olitlon of l1' to f?4 la 4 IIr l a I IttrUI 
eovlI091"'t. 10dlcaU nil t hl ehnle.a! lnltability ot lP ( ',250~) ea.po ..... d.; 
4) K1"'ltl~1 of e.cb'na' vlth loll tOn , ladlc.te at le.lt two II.tOa cOlp"r~.ot5 
- " flit uehlnalr illld • 110" .xehln,er. 

'ho,phor"s·bll.d aodlll provide laport.ot fl •• t Itlp. ln Idlntllyln, 
siilal!1c.nt 001l11vlns pholphor .... eo'"polI'ou ,fld a'jor pub ... )'. of pholphor"l 
flo" \lUdl' nt.dy-suu, uper1.ollfltll conditions, IIov .... tr . welllie of th.ir 
stl.dY-lute Orl'lItltloa, thlY do aot provide th .. o ry for. OO r te.t . of, 
hypothe", rl,ard1na 1.,lon.l. d)'o~le intlrletlon, ~ona pho.phor", 
eo~poo.ntl, Also, thlY Irl nOt orielltlol tOIl.rd food·lllb dyoaml~1 lad eOllllo1l. 
only r.dlo.~ti"e labeled COIDpo"nd, ovlr •• llniY .. ly Iho ft tille I'H.rv.l. 

The Ibovi brlef dl.crlptloo, lit • • t . nt 3odelio, clp.billt le. Indle.tl 
th.t, IIniII ,.th clasl of aodlls h ••• ttribllt' •• p.cltle tor It I iotlndld 1111 , 
thlY II I Ir. llieaspl.tl .. Ith 'Is"rd to examlo.tloo ot d.t.1Ied pho.phorll' 
eyc l i~ f o r tWO rl.loal. Flr.tly . they I.alr,lly do DOt folIo .. sany of the 
l.:IIportlM ,0aponeDti of phosphor".. Thl fiut cl ••• follo ... 001,. toUI 
phosphorlll "nd the othlr two el"ls,s f ollow oal)' eOlDpoD.otl dlrettl, r,l.ted to 
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ph,top1loQkton nlltr1tion. nr.. b,.a to .1oQ,. IIDn.ohd qIM.tiou nlaU", to 
"tUlzUion. c,.c11l11 •• nd bt010,ical ..... U.bUtt' of pho.,hor .... n Ukely 111 
pbo.phor ... co.pon.lltl of tb. _l1lbi",. 110n-ortbopboapllu. ,ho.,bor ... pooh. 
S.coIl41,.. thole aodal. ,eolr.lly do oat .ddrl •• 1111,. of thl curr.ot theorl •• 
re,.rdin& cootrols of iotero.l .. "triant cye lin,. Onl,. b, 1l1cludio, tho.1 
thioriea (e., •• the ,ff.cts of anLa.1 li,t.tion .od pltchioe.s t .. ' .... r.l • 
• biotic/ biotic .nd phytopLanktonfb.cterla <: OIIl'1titiol1 fo. Illlt.leot tons •• nd 
s.dl.aent.ry and resuspended lat,rial ) . cao thelr .i,IIIHca""a in the lar". 
Icoaystll COllte"t be ." .... llled. 

It is for thlse rl,.ons that • cooceptu.l lodel 1d.otify1nl aany of thl 
aiuioa e_pol1.nn .rw! dyn .... i cs I s propo I.d belovo 

COllCEPTUA!. MODEL OF PlIOSPIiORUS CYCLING IN TIlE CUAI LUES 

Thi s conceptll.l1utinn 1. not intended to be 1It,l .. uttd cClllputitlol>all,. 
10 it •• ntirety. b"t rathe. 1 •• n attellpt to recololze poteoti.l1y lmport.ot 
.. peetl of the pho.phor". cycle. Subseq"ent 4e flnltiol1s of .pptopriat. tlal 
... d .p.c. Ic.hs .nd con.ider.tion of the ph,.slc • .nil ... in In identification 
of illport'l1t .nd cOI1.httnt ( for those .c.le.) eOlpol1.lIti .od 'roce ••••. 

The .... t.rl.1 that follows il b ••• d. i n l.r,e p.rt. 00 iofo .... tiol1 dr ..... 
froa the precedioa ch.pt.rs .nd r.pr •• ent •• syothe,i. of the lIat.rial r~1.ued 
aDd ideas pro,..ted ioto • soaewh.t co .. ,hte .. holl-.yst .. f ..... ellOrk. Thi, 
fr ..... ork .. rves ... back,rouDd .,Ilnlt .. hich the silll.ifie.oct of lodhid".l 
eoaponenu .nd proc:e .... caD be jud,s4. 

Photphorut frall. sport 

Fi,IIr' 1 1 •• repre,eot.tioll. of ~.jor ,hy.ical a04 .i,r.tor, proc:et.ea 
th.t .I •• ",.rimpo.ed .11 ov.r b1010&ic.l .l1d chealcal ill. situ tIIR.fo ... tio .... 
Ioyc' (1974) I1I.d Lick (1919) reviewe4 •• pectt o f l.tl __ -;ad .... Il-sc.l. 
circulatlon. vertic.l .od hor1 zlI.ot.l disperlloo •• ud ... v.s .nd resu'pensioll. a. 
thay r.late to biol<)lic.l .nd ch~"'ic.l properties ... d n''''port of 
cont ... lnall.tt. V.rtic.l alld ho.1z .. lI.tal .11ratioo of %oopli1U1ktoll.. U sh . all.d 
beothic iIUIi: .. ls can, It tilles. b, silnifie.ot lIodu of trsn.port. TIll. it 
p.rticul arl,. true .men d"", inant physiologic.1 processes depeod on politlol> ill. 
the .llr.tory patt ..... (tU Bowr •• Chapter IV ). Sinki", .... "u •• 1011j-tl" 
lI..t dovnw.rd tr.nspo.t of particul.ta .. atni.l. f:J:perhoce hal indlc.t.d that. 
f<)r l.rll. IpatiaU, (horizontal .nd verticil) .v.flled !;rut Lake, lIudlll. 
phytoplanktoo .inkln, 1s Dot • p.rtlcul.rly importa<)t •••• fluz proc ••• 01> 
.lIort ti .. e .c.ha «1 y.ar) . On longer tiae tcal ... slnkin& is the dOl:ltaant 
,roce ... Siokin& of 1I.00liY1n, p.rticullte •• terial .... ,. be si,oif1caut <)n both 
tille scalas. The sl,l1lf t caoce 1s tied closaly to the .c .... 'iIl.S eff.c t of 
.0r,tlo 11. onto these p.rtlcl.s. 

All <)t thase pr<)c ... e. tntl •• ct .nd 1"'I""t 00 bi<)lolic:al .nd ch ... ic.l 
,r<)pertias In laku; thdr r .l.tive impon.""e is k.!!yed to tlae .nd .pace 
.c.les th.t .re .... d.r 1nYI.tiS.tlon (see Barris 1980). To COl:lp'" the 
il1f1venee of the se trlnsport phaoeaeo. to r.tes of 10 situ tr.nstorm.tiona --- . 
T. ble 1 .... construct.d. For processl , l ik.!! these. 001,. the sp.ti.l sca1ea of 
ioterelt Deed be detll1.ed, for time I c a les .re d ict.ted bJ the proe~ •• and .p.c. 
scale. 10 the Uut eolllllo in T.ble 1 :au:la .. expected ntes of tr'"sport are 
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Point and 
Stream Sourct, AtmospheriC Sources 

A 
( Resuspenslon) DiSperSion 

Sources and Transport Processes 

fl&. I. Pho.phor"s sourctl Ill" tran.por t. 

T.uU. l. n •• COUU<ltI fo r tnnlporUtioc pll~".".tIIl. 

Up.,-.1l1l1& 

00"" .... 1111\& 

Llr.e- lcll, ti rculltioll 
(I'Iorl , 0Iltl1) 

S, .. 11-IClle circulatio .. 
( ... enic.l) 
( .. , . , Ulljplul r ) 

!\li n doll : uo ( yenl cal) 

~l, .. tlon: fi sll (llorhontd) 

Slnk.in& 

Dil penioll: vertical 

ho r i zentll 

Mic i ll.ua "'I rtical selle · I • 
~1I1.UIl horizentll sel l e · 1000 II. 

l1..ui .... 
Tnupon htu 

10 • "1,. -1 

10 • "1,.-1 

10,000 • "1,.-1 

I, "'" • ~11-1 

100 II. 4ay- l 

10,000 .. dly-l 

10 .. "'1-1 

1 ,.24a,.-1 

106,.241,.- 1 

Uppu Lilli t 
. I tl CO"ltlnt 

10 "1,.-1 

10 "1,.-1 

10 "1,.-1 

1 , 000 "11-1 

100 41,.- 1 

10 d11-1 

10 dly-l 

1 "11-1 

1 4ly- l 



,1"'Il , A.a .... 1Il, _lll l"&! .p.Ual leal ... 01 ll1tuut 01 1 • ( ... nlc.117) aIId 1 
ka (horlI00tll1y) t~'1l up~r lUilt . r. t iproell r"idlotl CUi., (toluan 2) tall 
be caleulltld . th.,. ti •• COIl.tlllt' q~llclfy the alaUiya .tt.tt of thl 
tr'll.po rt prot ••••• Oil the ,1"'0 .p.tial I CIII. Iud Call be uaad to ld.lltlfy 
1'1\0". pr ot ... u that ' c","plt e" "' til biolo,leal Illd ell_lcal prot ..... 
(diftu ... d belo,,) 011 til ... , calu. Ot her 'pIC' , c II .. c.oll (aud .hollld) be 
CQIl.ider.d . Also , tllesa IUWlIIi 'p'CI IClh , viII .... t er.lcu •• rily rl.1l 1 ... ,11 
tr.II'port proea .. n. 

At any p.rtlcul lr lot .tloo "Ithill tha l .oka, l any blolog1cal Iud ch .. 1cll 
proc ...... n 'etl", .llIuIe.n.o .... ly to tundol'1ll phll.pho r .... " 0"1 ita • • ny 
chu1eal foras. " r.pr".lluUoll o t tho .. f Onl. Illd pt oNbh '-portillt 
path".y, nf pho.pho r .... n"", in the Grtat t.r.ka •• ra 111unl'lud 1Il U, .. ra 2. 

U .. 1Il, Coaponentl 

TIl. rl,ht h.l f of t he f1,ur. 1. dOGIcr.at.d by 11 .. lna coapoll.nt . i Dtludlna 
food " ab .Dd hcal path".y .... Dna phytDplao'kton, NCtlr", prOto lOl. r otU.n , 
c , ... uea.n ••• 04 fl.h. Altho",h diffitult to 111 ... u". Oil tha fl,u.r., _a of 
the _., I..aportant llpatta o f the control of pllolpllotu. dfDa:dea fr_ the top 
of the foo4 _b 11'1 ka,.d to predatory affacu 011 t_unit, Itrw:;turl. POt 
«Klaple, ,I ... n I~ra •• lna .et.bol l t 1"1'" '11 th d.t ra,.IQl aota&l II,., the 
Iln-depandent IlItuU of filh pr adlt l oll 00 thl l oopher.'ktoll cOIa ... lt, N C""" 
l ucr l,.lu,l, Importillt ( ••• Kitchell, Chlpter V) . To I nve.tl'lt. th ••• Illd 
. 1.ll.r .ff.tt" .evar,l functloo. l ,ro .. p' .nd pe r haps Ilfa-,t l ,' tat.,ori.a 
.ust be toul l d.rad t hrOUlhout clla food v.~. Su .... t.d c r ltaril for s'p.r.tloer. 
of fUD Ctloll.l ,fOUP' ••• lnc lud.4 i ll T.~l. 2. 

Ano th.r pro p.tt, t h.t h., baen incl ud.d pr.vlou,l, in . cae .oda1s , Ind 
.p,.ral!tly .... t be Il1tludad, 11 ll1t ..... l puoh of ra&411, ellthsQleabla 
pho,pho'", v ithio Nttarl, 134 p~ytopl ... 'kton ci ll. . l1li11. the Ullatlc. of 
,.chan,1 ~OU ••• t. rn,l , Interer.,l, .nd bio.a •• pool. o f phosphorus .USt b. 
cons lder.d tl r tfu l ly In the coUt.,t of 'pecifl.d ti •• Ical •• , th. re i. 110 
qua.tiol! th.t the ton.lquence of IlIta.lctloll 11011,1 eh ... puoh - .... t.lbl. c,11 
nutrient . t olchlca.try " ... st ba includ.d (sae Lalaan, Chapar IV). 

Th. 1. ft hl l f of Pilur. 2 'lp • • ,.Ot. the 1I0ullvln, .'trl . of pho'phoru. 
ccapollallt.. Rer. t ruly .oluble toa.pou.llti uht "f,"l, dll1ohad" o r .orbed 
to particullt •• 't.r111 . Sorpt toll proc •• sel •• y .erv. to ~uff •• tbe 10 •• 
trlo.l.ot proc ••••• by pro .. 14111,1 I r ...... olr of •• e •• 1al. Thi . r •• ervol r 1. 
built up durin, perl04, o f ht,h conc.otr.tlon of di.,olved . lttrl.1 .nd 
.ub •• quillcly •• 1'1.1d 4 ... 11l8 p.rlod. of lover cooc.nt r. tl~. 

:Jl .. olvad IlIot,lnlc COIDpOlI.nu of tl\l.. oonll1'in •• at r ia C.II be "par.tad 
Out .ully on hlllttlOllal, if 1101' .. n.lytlcal, around •. f or lI.pla , 41 1101 ... 4 
orthopno,ph.tI (PO,) flU. the 'padal role of batll,l t~. and pr odUoCt o f .Olt 
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"""" """. , , 

" 

(~P) 

--1 ",--
• Baclerioplankton· 

11,. 2. Phoapnono. flow dhlUJII tD<lie&t1aa .aJor coapon ... u and 
path ... y. wUhin th_ .. ater co llJllrl .• l!1dleltll n .... r.l r"ncHoo,} 
&roup. of lU. It",,,. vithln •• ch COIIPOlilot. NWlbeu rept •• ant 
proc ••••• identilied tn tabla 4. 

ol'i,,,datton proc ••••• , .1 .. ell II b.l~ the lIo ly f~r. of pholphor"s l~.dl.t.ly 
.I .. alhbh fc>r u.12111t: oo by al, ... Altho",h ,:<."".otlon&1 analytical ~.thods 
cln ooly .pproxi3atl thl concent ratino of PO~ (s •• rarapchak, enapta, :; 
Card" •• aDd tadle, Chapur 11 ). it 11 i.sportlClt to " ndanuno! "f14 att ... p t to 
duc:rlb" th. U"" of llho.phorla thro",h thl . apolune pool. Inot,a"ie 
coodlo."d pho, phat • • aay Or .. y lIot play In ~port.llt roll 10 the phosphor". 
c ycle. Th ... e_pound , ( a.,., the polypho'phatn) UI the prtnc ipal atons" 
productl of . ur plu. pllo. phor". to 1111', but their Itlbilltr lod importlnCt 
ou t s ide tht ctll I.t DOt ¥ell kooVQ. This eooceptulllzition ( Fllure 2) 
rlCOlo!ze, t he pot.ntill i3pottanc. of thi. ,roup ~t coapouods. A suit. o f 
othlt dls,o l~ed inoflanic coqpound. (e.,. , ioofi,nte coaplexe,) .. , al so ,xtat, 
altho",h thtlr relative Ibu"dinc i Ind laoportlnc .... ""kIlO"". 

Dlllol~ld o rla"i c pbosphoru. cospouada are pr obably the 1el' t well 
uod'ntood ,roup. CORd"osed o r,anl c pho.phllll ("'" AlP, ADP ) Ire key 
compounda I" mltabolic and lalr,.tic proc •••• s vithio arlani.ml, but thel • 
• e l at iv, ,tability and i3portancl a. compo und. outside orlaai.ml a.e Do t 
cl.atly ~d'rltood. Of~lnlc coapound s, o t he r than th", eoodeo"d f D~'. f.ll 
in t o I ."h o f o~'rll pplnl catlSortes , •• ,., hualc ac l~., of,.nle complext. , 
"hyeic acide . ,u>e!totid u) . The role of this Iroup. or :IIOtt Icculattly the 



Panle"lIte Otl.nle. ("'" other p.nleu1ltu) 
.lu 
1Ib111t, 
..,rptlon u~.eH, 

Dls.olv.d 'ho.pllot". 
100tl&nie/ot&aaie 
1Ibl11t, 
..,rptloD chlt.ctlti.tie. 

lIetHis 
food . o".en 
planktonic 
", ttuhed" 

""tOpl.llktOIi 
1111 
r • • oure. req.,lrea,nt. (51. '. N) 
"'ll11tle r.splllI.1 e.p.bI1It, 

Zoopluktoll 
1111 
food .. 1.etloD 
kllll1le rnpon .. e.p.blUt,. 
lIf. bhtory 

food Ullctlol1 
Uf. hi story 

tol .. of eOllpllllllia 'oI1thh tbh ,ro"P. hal GOt bele n...thd utlo.lv,I,.. A.t 
tb1l Itaae oal, ';MC\l.lIUIIlI tall boo \I."d to IdlotH, thl '-port.n e_poo,ot._ 
'. r b.p. the bI.t .pprlllcb to cooc.pt ... l11. I.port.ot COIIpoO.ot. 1. to vl .... lll. 
th' cOlipouad. 00 • -d'ltadabllle,.- Ot -1abt ll-r.fr.ctor, - eootlll\l. .... vIIlch as, 
or u, GOt be rdstld to COII plluot .111 ( or lolleulsr vdlht ). ThI.1I 
.Iat" ••• d turth,r 11110 .... lth p.rtlcu!.t. or,.ole r. 

TIl, colloidal pool i. Ideotill.d 00 ' 1,,,n Z to eopll .. I" tbl hct that 
thh pool ( Illin.ly • 'ill-dlpendeot dIHnlt1oo) can be ,,"portant . IIc." .. tbll 
pool 1. deftold ooly by .l te charaet.r1.tlc •• 1t. functional charlet,ri.tlc. 
loclude I wid •• pectr ... of proc, •• , •• nd .ttrib .. t •• ( botb II10r,.0Ic ao4 
orian!c) .od It thlr,forl req"lr •• the 'aal 'er"tloy rll .tlO1 to 1.bil1t, as 
tbl truly dll.olv" c"'P00ellU_ 

Particulate eOllpllolots of thl IIODl!vln, poo l ,e".uUy e.O b. divided 1ot o 
iDor,.nlc aod ori.nlc ,1" ' £5, ~ltbo ... ~ ors.nle eoatins' on l eors.oie particle • 
• nd ioorg.nlc ~ i Qt rUlloQ'" (e' I _. ,lIte' frUlt .. les to fecal p,llet.) m .... e ,yeo 



thl. dl.tlnction dlfflc~lt. Th. roll of plrt l culat •• fall. ln. o two clt'.ori •• 
In ura, of controls o f pno.phor~. eycU .... ' 1) . lite for . orpUoo of 
Jl .. 01 wecl cOIOpon.nt., 1). lOutC. or alok fo r Huoh-ed c_pounn fr_ 
pno.phoru. 10corpor.t.d 10to tht p.rtlculat •• attrial. taa.pl •• of tb. 
IOrptt on roll are sorptloo Ont O caCO) partlc l •• , cllY., aod •• tal pr.cl pltat.1 
[ •. ,. F.(OI!.)) I· Pirtlc ~latt loor,anlt pholphoru. coao pounch .ft •• neraUy 
conlld.r.d to be nOt I.portant In the .. ,t.r column. [zagple. of th. I.cood 
roll Ir' phosphorus c","pounds found In d •• d .tlu frap.ots ao~ looplankton 
heal ,..tI!rhl. Al~al halll.ou a04 f. cll u ttr1al e.n also nlY. II socptloll 
litts • 

Llk. the dl.solv.d cOCIpo".ntl, partlculat. orlanlc pho.phor~1 COOlPOII'otl 
r.pr ••• nt Ip.ctr. of .Iae Ind lability. Althouah pattlcula t •• 04 dl.lolu.d 
coaponeotl at. r.pr ••• nt.d 00 f 11ute 1 io d i.c rete c Ia •••• , 'Ilut. ) bett.t 
t.ptts.ou th1l ooollvl ... II l trix. Ent r l .. In t he IItttl. rept .. ent ooly IIhlt 
",n be i.pUed frOll th. paucity of available loforaltloo: that a larl' frlc tloo 
of oaturally oecurtl", pno ' phoru. c","pound. 10 thlt oool1vlol ... trlll lI~n be 
c11 .. H1ed preuMly II lIIo rpho\ll, In4 tbat tile Hllin of lability Illdielt.d 011 
'I.ure 3 fot lI.ny o f the coo.titueot •• r. oot ... 11 It oo..". . .... 110ft inforaatloll 
beco.e. IVllllbl. to fil l out the lI.trll1, ~Ot o~l, lIa, 10.lcl1 fvnctio~al 
Ifoupa of COlipounds be Id.ntlfied, but al.o poteotill t las.llieltioo of 
conatltue~t. la lI.ter .... pl •• of ~~Ir..aO\ltl cC>IIpol1tlon lI,y be polaib1 •• 

lyplca1 Pool $l ~e. 

Tlbl. ) 11.tl typical s~er pool all... 'or lIaay of the coapoa,oci ( •••• 
toodeo.cd P, colloidal P, protoaOI) very 1ittl. or 00 lofor.atloa ia ,vll1ab1e 
for the Creat La~ •. Ev.o wh.r. data .t. Ivall.bl., they are •• oer.1 . od 
crud •• Orthopho.pbotu. 11 prob.bl,. le .. than 0.1 ~ . , 1.-1 1a .. >lY lak ... lace 
S.' "Isur ••• ntl (11kel, an ov.r •• tillat.; I •• T.rlpchalt, enapt.r 1) 1110 Lalte 
01lo"rl0, for ex"pl., .n ;;,. \.0 \II P I.-I . SLIP, 1Ih1 <: h "till"," the nonlhing 
IIltrlz ( Filur . ) 10 the 1 ••• - thln- 0. 4) ~ II .1 l. '1"1' , la La~ OQtario i. 
typie.lly on the ord.r of 10 ~. pl.-i. Phy top1anktoa P, estill't.d fro. direct 
counts. car boa per cell. and Jtedfl . 14'. rUio. is CI. 5 ~ I P 1.- 1 10 1.a~ 
On" r io . Th. nonUvinl >0.45 ~,. .i u u"'. (PP), Ippro.llIattd by tOtal P 
(T,-15.1 pl.-I) - t Otal dlssolv.d P(TDP) - phytoplaok.toa P, contl i ni lbou t 
10 _s PI. - 1 111 1..au Ontario. Phytoplank.ton .ad d.t r ltal or,'lIiC carboo 
coac.nt rl tiOOI are cnaparable 10 tht .~.r . pilll1l1ioa of 1.a1r.e Oat arlo. 
ASI~lng (II • lIaxl"~ for det rituI) the .... 11 trut 10 t.rII. o f pno.ph01U., 
TP-TDP-phytoplank.too P-O"rltal P .. 5 III P I. -I provid .. 10 lI.illatt of 
phalphor"" l'loclat.d IIl th inor,lolc p.rtlel.l, le.vllli 5 ua P L-l alaociated 
vith o ra laic •• Sillct 1Htl" tpil1an.Uc , 11 truly particul.tI l oorllaie, the 
f o r.er cOllpllo.at II 11k..1y to b. phol phorua lorbed to 100raa~lc p.rtlc1el. 

Pho.pharu. conc.~tr.tlon. a.locilted llith herbivo rous, C>IIalVOfOua, aad 
Clrnl~oro~. cr ultlc.ao., Ipprollimated by .u.~lltloo aad by dry ... I.ht 
ob •• rvati oos conver t.d o:olchl ollttrlc.lly. In typleilly 1.0, LO. and 
O.l ~ .' I.- I , r espectively ( ... Seavta 198.0). iDtHtr concent rat ions l a 
ntarlhore lak.. Oat ar io .r. on the o rd.r of 1000-1500 1.4 L-l ( ~Nau&ht It 11. 
191». l·,inl dry IItI,ht u tilla t ll frOll Nal.p. (1972) alld I phoaphorua cont;~t 
of about 1.%, rotH.r pho.pho r~. lI,y b. ca. 0.1 111'1.-1• 

aact.r ioplank.ton typ lclt1y nUlibe r 106 c.lls IIL-l in lakes lad OC'aol ("1' 
Wiebe Ind 'a .. roy 1912 ), ,"d 00. Itudy (latsetltl .!.!.!!. 1974) of a tundra pood 



'0' 10" 

'Stability' (Half-life, .eoncla) 
(Decompositiol'l. Digestion. RNction, Uptake. etc.) 

ril')' Sl,e-uabU1t7 .nrh of aooU"l11& pha'phDr," ~"pollelltl hdl~at11l1 
appro.t.a t. lo~at1011 of id..ntifiabl. fr actio .... 

• ~o.yt •••• asur.d. 2.6.10-9 ~ i p ~. 11-1 tor bact.ria. thas. oumber. indl~at. a 
po •• 1bt I1t1 of ~ •• 2.6 ~ I P L- t due t o ba~ t.tla aloOl. toocentratio~ of 
b&Ct.ria atta~hed to parti~ l •• ata perhaps o o.-teath 01 fr ••• via-lol ba~t.rla 
( .. e It.oU aad Branu, Chapter Itl ). 

h'porUllt pholphor," ~oca polI.ntl are Ulu.tuted 111 Pllur .. 2 Ind. J alld. 
typl ~al pool .1, .. Ire Ihted til Table J. bpor uot prou .... cllllnlbutlol to 
tranlport of tho •• caapoaantl Ire illustrat.d. i a r ilur. I lad typl ~.l rItes a t . 

no 



TAaLl. l. Typ1cal pool 11uI. 

Oluo lvad orthophosph&U (SRP) 

~0",Uv1a.& « •• ~ u:l, SUP) 

lIonl1vhl p.'S \ll!, orl.o.nlc) 

Sorbed to 100rlallle Partlcl., 

lae tl.iopl allktoo 

"'ttlehed lacurta 

f'tIyt o pllokto o 

~a rblvorl crult&eaaOI 

C.rnivor l crult&ce.o.n, 

lotihn 

Phnkttvo n fh'" 

Pi.clvo" Hlh 

To tal P 

<0. 1 

10.0 

'.0 
'.0 
\. 0-10.0 

0 . 1-1.0 

'.0 
\.0 

\.0 

O •• 

0.' 
0.01-l.0 

0.001-0.1 

" 

linld 1n '!:IbLe L bpo rta~t bl0101 1cal nd ch_leal ,.oc ..... t hat Clult 
t r .nlfor3atloOI of tha c03pooantl r •• ullinl 10 flux.s aD OOC t hl bOIl' 11l Fllura 
Z lod, 111 IUnt COClpeUol with thl ptoc.n .. listed on Table I , I .. 
11lu.t rltad a. n~blred arroWI 00 Fliur. 2. The pro" e • • a. Ita I1lt.d by thol . 
n~bet' io Tabl. 4 where t yplcll , pho'phorus-'plclflC •• tl coo.tlntl .tl aiy.n. 
Th .. 1 n t .. I" by 110 aUn. & .ynthuh o f all ullt1~ i l1 fo"'ltl on. Th.y 
r aprl.ant typical '1Ilil' of v.lue •• ec~ul.t.d th.oUSh I cur.o .y loVeltilltton 
ot tha Litlrature. Thel. r.tl eool tant. lultiplted b, the ,.pact.d pool .lz •• 
(Table 3 ) indicata approlt,.lt l fluxes .. 001 tha "OCIpart~aot • • 

Examioatioo o f flux a. pr ••• nt. I crude app rolilltloo a t thl rlLltiYe 
llpo r tallcl of va.ious procell/pool 10t •• lct l oo. 10 cootrolllni the cyc11n, o f 
pho.phor us. It dso 1 11~.tfatll nhtlve till .caiu of con'i"lrl t10n for 
p.:)c...... Fo. lXuopl. , on I ~-dlY t1,.1 lellt bactafh l upt lkl Ily appI.t 
II""Y I 1n aqlltllbftu::o 'J ith I .tl r nll , concentrati ons. vb ..... In1:111 
fIOnpr .datory dt l th :lay appe lt oa t t o occur It .It. 

5il lll tanlous consid •• ation of physic.l. b iol os t cal , I nd che:slCll prOct •• tS 
afflc tlna tht phos,ho rUI c rc tina vill r.qui ra ca raful ~Itehinl and 'Iltc t ion of 
tl,. . and .pac. Icalts . 1101011cll aod ch~1cal p.OCtl •••• ynthl,i • • d ioto 
l.ne.a1 cat.lori e. ( Tabl e ) Iho~ld be COIIpa.ed with t he tfanlport&tion, prO"t ll 
rlt •• In the .acond co1","0 o f Ta bl. 1. The rite coo. tint I Ire cca plrad 
,raphlcllly. aSlumiog 11niau::o tr,n l port . pace Icale. of I g y •• tl cllly and 1 k: 



lULl. 4. o.uU.d rau ,:oo.Uflt • .loll .. U.at .. of fl..x . 

lau Cofl.It.I flt Pool Stu. n~ ,.. Prfl.: •• • ( d.y-I ) (:; &1' L- I) (." L -Id.ly- l) 

(I) Sorptl oo 
P04 to I •• t on 10 ( . 1 ( LO 
P04 to 8yd. rodd. .. 100 <'1 (10 

(Zl O •• ttl 
... .:t.r l. .001 1-10 .0(11- . 01 
Phytop leltto .. .01 - .1 1- 10 .01 - LO 
~. rblvor • .: r u.tacean. .01 1.0 .01 
0. .. 1vor. c tu.uce .... .01 1.0 .01 
C. r .. ivor . c r uata .:ea ... .01 .1 .001 
Plektlvor. flah .01 .01- . 1 .0001 - .001 
Pl.e.vor. fh h .01 .001-.01 .00001 - . 0001 
J.otlhra .01 0. 1 .001 
PrOtO IOI .01 , , 

(l) ta.:rl tlon!E, •• t10n 
... .:ur h 10 1-10 10-100 
Phyto ( t o OOP) 0.1 1-10 0.1-1.0 
Ile rb1vor . crWltac •• na .001 -10 . 1.0 .001-10.0 

( to P04) 
o.n1vo r . cruat.c .... a .001-1. 0 1. 0 .001-1 . 0 

(" ",) 
Ca r olvor • .:ruata c.ans .001-LO O. t .oooL - .1 

( '0 '" ) 
latH.r. , , , 
Plarlktl"ou U.h .001 .01-.L .10- ) -LO'" 
Pt.c.vor. fhh .001 .001 - .01 LO-6_10- ) 
PrOt OI 0. , • , 
'O.c.y-
OlC - l oor& .01 13(POP+OOP) .1' 

(. ) Upt.k. 
Phytopl ... kton 10 1-10 10-100 
1 • .: t.r1. 100 1- 10 100-1000 

'" to.,-.at1e r.le ••• 
( alII. • plio •. 00 OOP ) 0.1-1.0 I·' 1-10 

(6) Pho t o lyal. (of DO' ) 1-10 ., 10-100 

(n Rydrolyl1. 
o f Col\d P .01 -.1 , , 
o f o ra , L-IO 10 1000 

( continued). 

'" 



! J.J U 4 . (cont1aoad). 

Lite Con.unt Pool SIte ,,~ 

"" . Proc •• , (dl,· I) (~I' L· \ ) (~ ~P L -lday·l ) 

(0' Fedial 
Proto:ol ! ! ! 
lI. rbi~or. ~ .. "'tlc •• nl 0.1-1.0 I., .1 - 1.0 
OIInj~o r . c r uttlce.n. 0 .\ - 1.0 I., .1-\.0 
Ca ro1~or. cr",tlc.,n. 0.1 - 1.0 '.1 .01-.\ 
Pllnkt1"ore fhh G.OH).I .01- .1 .0001 - .01 
Pilcl"on fish 0 . 01-0.1 .001- .01 . 0000\ - .001 
Rottler. 0 .1-1. '. 1 .01-.1 

( (0) Grovtll 
Ph,toplanktoo 1 1-10 1- 10 

( .. loternd ., 
J.acurh 10 1-10 10-100 

( .. 1nt ....... l ., 

tJ.JU 5. U" o f ,,"nltd bl01011(11 lod c hullcd proc ...... 

"" . Proc ••• Rat. Conlunt ( dl,-l) 

1 Sorpt ioo 101.102 , Denh 10-3_10- 1 

l [Ic r . ~iooJ.I •• ttoo 10-L I01 

, IIptlk. 101_1:)2 , tn'~ 1t1c r el .... 10-1 _100 

6 Photo l,11I 100-1 01 

, aydr ol,11I 10-2-10 1 

, h .el pl ut101l ulc tlon. ! , Feedin, 10-2_ 100 

10 Growth (00 ll1u r oll ' ) 100. 10 1 

11 lUc r c btll coloniut1oo ! 



borhoataU,. ta Pi .... n.. fro. thi. ,U.pla, 1t bee_Ill cllar that c ucflll 
ItUaUOa .un ..... h.o to tb. hter,cClou 01 ph,ticd. bl010.1eal •• ad. 
c~icIl proc ••••• 00 .aryio. ci •• and. .pac . aclll" ~1. I, tru. for boch 
aad. llna aad. .. perlaeotal coo.ld..t.tioo. ( ••• Barri. 19&0) . 

To [hll point ooly proe u.tt .1Id. coapon .. nts afhcUa.& phn.phor .... c1<:11I1, 
ill the .. at.t coh .. o h." .. be.1I d.iK""'d.. Tuo.port Icro .. the I.di • • nt/"atlt 
10tl.fIC., alao .0 i.portlne proc •••• 1. ,ff.ct.d b, .any propertl •• and. 
proc ••••• 10t.r.ctlD& "lthio th ••• 41 •• lIt. ~. ao.t laportlat fl c tor. ,rl 
id'Dtllied In 'i,,,re 5. 

Th. IIdl •• nt r .. ,loa 11 c .. pond of partl cullte •• t .. rld. pot • • lat .. r 
cootHu.ot., lod perllla.ac .nd .I,rltnr, or,loISllS' TrlDdorllatioo of 
pl .. upnor ... ,pa e les, tr.nllocl t i oel vith!a [to. .adl.aeat. lad trlel.loeltloo into 
lad out of the .edlm.nt Ire proc ••••• llbtl.d on rt,,,r .. ~ .nd. 14.ntlflld 10 
tlbl. 6. Alana vith lIeh proun or propert, 111 T,b1l 6 II I I .. , .. tad Ult of 
f\IDCUoo. cootrol11o, thlt proe ... 1Dd, .. hln uaU.bl., ntillacn of flus 
rat •• • 'ra.lotl" th .. quallc.cl_. eootrol, of pho'phor,.. .. chaa,. Ir. 
bt,looioa t o a.er, •• ho .... ".r •• r, Ilttl. I. kaowo of th .. quaotlt.tl •• Ind 
•• chlnllttc "'t"r. of th ••• cOelnoll. 

DISCUSSION 

Th •• It.rl,l 10 chi, chapter r'pre.lnt. I 'rotheli, of iaforaltioa fro. 
the pr."lou. ch'pt.r •• 1 ... 11 ., oth.r I1t~r.tur ... "rets. AD Itt .. pt 1 •• ,de 
to o"tlla' 1.p,atlllt e_pollilltl ( U,o..:r .. 2 IIId 5) of th. pholphor", cycll lad 

• -

U, . •. Collpar1. o l1 01 phy. i eal .lId bi0 10,lcal /chule.l proe ... th .. . ealt • . 
• hy.lcll proen . n nS\IIIed laportlo[ 011 1 • v.rUell . nd" I lui horizootll 
Iplce K ,ln. 

,,. 



t .... t.t , . ' r oc ..... u the .. di •• at ..... t.t IIIt.tf.e • . 

,.. Practnn 

, D.po.ltioa (p.rti cle sin. 
cOllpol1t ian) 

2 It, , "apenlioa ( ... avn; 
currl nt.; n""rk~d • 
unc","plcttd sldl11ent1 
fro. proceun 
(4 ) e nd (5 » 

) "ni.al .I,ratio;" 
(traa, loc.t.d pro-
c •• • , .. ; Hioh ..... ) 

• poat o porl1 • 
(~ addy-diffuaer.· 

.f parttcuhtu; ... (2» 

, Tubit1clda (coa"eyot 
tr.aaport of a.ol1d. 
.M ... eter f,_ 
2-5 ~ ,. top; 

••• (3)) 

6 Chi r oflO.ldl ( ... Uet 
p ... p.ra a l1 n.ly. 
fr o ll 2- ) c.oo ) 

7 Pore "ItU .IId h.Ur­
h e. dHfulia" 

8 P.rticu.l at. - port "eter 
~cn.n,e (.any proct •••• 
1~ll.r to hete r otrophic 
".t.t colUlla; c hl.ieal 
'qul11briua - lorption; 
blo l ogic.l 1,lstloo Izcr.­
tloo , hiding .acro-, 
•• io- , .icro-ben:lIol ) 

,3> 
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n
· . . . 

. . . 

W"'TE~ ; .: ..... . . ". ,.,, -.. 
$EDIMENT -: -

2 3 

t-, , 4 5 

,,1~"~'T' 
em . 1 ~ 2-5 

em 

8 

6 7 

:r.:=-. ~. . . 

PARTICULA lES PORE WATER 

Ftg. 5. COllc.pt .... llzatlol1 of a.jor proce ••••• cHIIi at the .ltdillel1t­
watH 10tarfac.. N"",\>er s reprelellt procu ... identified. 1n t.bl. 6. 

to .Qgga.t '" 1011e.1 hasts ( Figure 3) for Idant1fy111g otbar iaport,ot 
cDllpo"eIlU, aspecially .. lthin ""nliv!", phoapllotu. pooh. Pool die. typlc.1 
for the Grut J...a.ke. (upectdly I..ake ODtulo) IU gtva., (fable 1) for 
Compoll.ots where data ar. avail.ble. 

lar.pon&lIt p.thw.ys of pllospllo[1l.I flovs .... ong cOllponents are 10dle.tad 
(Figuru 2 alld 5) .... d. fl."" .. tilut .. ue giva .. (Table. 4, 5, .:lod 6). litho",h 
the flux eacl •• te. ar. crude, thay c.n be usaful for a.amio!,,& the ralativa 
!aport.llce of the pathw.ys. The tfue impact of •• ch pathll'Y .1.0 1. datergil1acl 
.o •• what by tlae sca1ea ~der cen.ideration. While the pathvays are quantified 
agmawhat by e~aaining ranges e f flux r.tes, ee .tteapt Wa . a .de te de.tribe any 
teot rols of processe s identified as path~ys. Th. ne~t step io deyelopment of 
pertioent inlOrDatloo 00 phosphoru. cyt1iaa will be to define aod reline 
equations that approximate those prec.sse. and their funtti onal tootrols. 

The.a transforaation proc.lseS .re often considered iotrioltt propertll. 
wheo vie~d in light of watl' trao.port, 1.e., re.ttionl withio a p.rtll of 
vatl' are OOt affected by the d~en.ion of that p.rtel . Thia is only true, 
bovey.', for a l\o .. ogeoeoWl eovirnwlltot. B.arri. (1960) dhc ...... lO .. e iaport'Dt 
tODsequenca. of t~noriog spati.l heterogeoeity 10 phytoplanktoo populatlonl. 
It .ppears that ave ragiog a specific process (.ay phytopl.nktoo uptake) ov.r a 
.p.te Itale .evetll tau the lin of a phytoplanktoo p.tth viiI r •• ult io a 
r.t. quit. differeot fro .. ooe within the patch. Coolequently ... e •• ureaeot aod 
s~ulatton of biological and chemical protesse ... y be sp.te-.tal. dep.od.ot 
aod therelore tl.d tnti ll a t.ly to transport prot ..... . 

Same i .. portant trans port protess •• are illu.tr.te~ 1D Figure 1 aDd typit.l 
r.tn ident1fh~ iD Tabl. 1. AlI ' Ulling aioi ..... spatial .c.le. of 1 .. yertic.lly 
and 1 km hori~ontally (the Italn at which lIuch of the pusently a .. ailabla 
biological and ch .. ical rate iofo ..... Uon is p.ert1nant) the effac t. ol tfln.port 
"ersul in .itu trans fofla. tio ... are tOllpared 10 Figufe 4. It 11 through 
toosiderat~of bOth trao . fo~atioo .nd tr.ns pert proces ses at proper t i .. e .... d 
.pace IcalU that the nlat1v~ 1.JIport.ncl of the processtS will Ra rge. 

'" 

• 
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hudat", 11.. J., t. T. Prut1o.e, and t. Prueba! . 1974. 
,.odel .co.y.t ... ., SllnHlcanCI for <leco.po •• r food 
bleterid Itue rl. OH.os 2): 239·2~1. 

Ibo'phoru. cycle of 
chain. Ind eff.ct of 

Bleraa". V. J •• J r. \97 /0 . lU.th .... tlcal .CHlIl of the ulectlve enrlchunt of 
blue-,""" Ill"'" by ""t tient .... rielDlllt, pp. \-32. l!.: (I. P. Can.h, 
.d.), Math •• att"al !1o<l.U"1 of It oehe.teal Proee .... 111 Aquattc 
(co.yst_s. Ann Atbor Sc1 ... CI. Ann Arbor, Mlc hl l.'" 
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